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Preface

Biological Effects of Nonionizing Electromagnetic Radiation is
a publication researched and prepared by Information Ventures,
Inc. under contract to the Office of Naval Research.

This digest serves as a vehicle through which current documen-
tation of research highlights on the biological effects and
health implications of nonionizing electromagnetic radiation
(microwave and other radio frequency radiation) is compiled,
condensed, and disseminated on a regular basis. The effects of
electric and magnetic fields (static and alternating) and re-
search on medical applications of these nonionizing electromag-
netic radiations are also included.

Biological Effects of Nonionizing Electromagnetic Radiation is
intended to be a highly useful current awareness tool for sci-
entists engaged in research or related activities. The great
number and diversity of relevant publications make imperative
the availability of the service to persons whose work requires
that they keep abreast of current developments in the field.

Biological Effects of Nonionizing Electromagnetic Radiation is
published quarterly. The issues of Volume VII and future vol-
umes will include materials received during the preceding three
months. Each issue contains abstracts of current English and
foreign-language research literature, current research summar-
ies, news items and announcements, and information on relevant
meetings and conferences. Subject and author indices are pro-
vided for all literature abstracts to facilitate specific
search and reference use. Journals, books and conference pro-
ceedings are used as sources for this publication. Materials
for which full text is not available will be included as summary
abstracts. Announcements and other materials submitted for
publication should be addressed to: Dr. Bruce H. Kleinstein,
Information Ventures, Inc., 1500 Locust Street, Philadelphia,
PA 19102.

It The digest was first published in 1974 under the title "Biolog-

ical Effects of Electromagnetic Radiation." Since 1976 it has
been published under the present title. Previous issues can be
obtained from the National Technical Information Service.
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A, amp - ampere min - minute(s)
C - centigrade mo - month(s)

cm - centimeter(s) n - nano-
cps - cycles per second NIH - National Institutes of Health
dB - decibel(s) NIOSH - National Institute for Occu-
EPA - Environmental Protection Agency pational Safety and Health
eV - electron volt NTIA - National Telecommunications
F - fahrenheit and Information Administration
FAA - Federal Aviation Administration NTIS - National Technical Information
FDA - Food and Drug Administration Service

g - gram(s) Oe - oersted(s)

G - gauss OSHA - Occupational Safety and Health

GHz - gigahertz Administration
HHS - Department of Health and Human rad - radiation absorbed dose(s)

Services R - roentgen(s)

hr - hour(s) rpm - revolutions per minute

Hz - hertz sec - second(s)

ip - intraperitoneal sc - subcutaneous

ISM - industrial, scientific, medical USAF/SAM - U. S. Air Force School of
IU - international unit(s) Aerospace Medicine
iv - intravenous V - volts

J - joule(s) VA - Veterans Adminstration

k - kilo- W - watt(s)

1 - liter(s) WHO - World Health Organization

m - meter(s) wk - week(s)
m - milli- wt - weight
M - mega- x -times

u - micro- yr - year(s)
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NEWS ITEMS

EPA RF/MW BIOEFFECTS REPORT HYPERTHERMIA OUALITY ASSURANCE PROGRAM

The FPA's draft report on the biological effects of Contract NO]-CM-37512. The National Cancer Insti-
radiofrequency/microwave radiation will undergo re- tte has contracted with Allegheny-Singer Research
vision with respect to its assessment of thermal Corp., 320 East North Ave., Pittsburgh, PA 15212

risk. The Science Advisory Board Subcommittee met for the above five year incrementally funded study.
on September 22-23, 1983, at EPA Hcadquarters in Commerce Business Daily, July 7. 083

Washington, DC to discuss the draft report. Revi-

sions are expected to he completed by December 83.
Copies of the draft report may be obtained from

David Janes, Office of Radiation Programs, EPA

Headquarters, 401 M Street, SW, Washington. DC;

(703)557-8217. Minutes for this meeting can be ob- NEW BOOKS:

tained by contacting Dr. Terry F. Yosie, Director, NUCLEAR MAGNETIC RESONANCE IMAGING: BASIC
Science Advisory Board (202)382-4126 or Dr. Douglas PRINCIPLES. Young. Stuart H.

Seba, Executive Secretary, Science Advisory Board 176 p., 80 figures, $19.00 (November 1983) ISBN 0-

(202)3.2-2552. A transcript of the entire proceed- 89004-998-X. Published by Raven Press, NY, NY
Ings is available for $0.40 per page from the Exec-
utive Court Reporters, 8525 Colesville Road, Silver
Spring, MI) 20910; (301)565-0054. The transcript is

approximately 300 pages.

ALL-UNION SYMPOSIUM IN PUSHCHINO

An All-Union Symposium on the "Biological Effects
of Electromagnetic Fields" was held in Puschino,

USSR, in 1982. One hundred sixty eight papers were
CRITICAL APPRAISAL OF THE BIOLOGICAL EFFECTS presented in the following areas: I. Biological

DUE TO EXPOSURE TO ELECTRIC AND MAGNETIC FIELDS Effects of Radio Frequency Electromagnetic Radia-

AT LOW FREQUENCIES tion (40); II. Biological Effects of Millimeter-

Hand Electromagnetic Radiation (14); II. Biologi-
cal Effects of Low-Intensity Electromagnetic Fields

C~ntract 68-02-3945. The Environmental Protection (20); IV. Biological Effects of Constant Magnetic

Agency, Research Triangle Park, NC has contracted Fields (30); V. Biological Effects of Electric
with the National Council on Radiation and Measure- Fields (11); VI. Clinico-Hygienic Aspects of Elec-

ments, 7910 Woodmont Avenue, Suite 1016, Bethesda, tromagnetic Radiation (29); VII. Effects of Com-
MO 20814 for the above study. bined Exosures (10); and VIII. Physical Fields of

Commerce Business Daily, October 18, 1983 Biological Materials (14). Figures in parentheses

indicate the number of papers presented in each

category. Translated titles and author names will
appear in the next issue of the Digest. Author af-
filiations include:

COMPUTER MODELLING OF 60 HZ ELECTRIC FIELD DUBNA

COUPLING TO BIOLOGICAL TISSUE . Joint Inst. Nuclear Research

IVANO-FRANKOVSK
Sol DE-RPOI-B4CE76236. The U.S. Dept. of Energy is ° Medical Inst.

seeking proposals from qualified organizations for

the above study. Proposals are due by 11/16/83. KARAGANDA

Commerce Business Daily, October 14, 1983 . State Medical Institute

KAZAN
. Res. Inst. Traumatology and Orthopedics

KHARKOV
THEORETICAL AND NUMERICAL STUDIES Res. Inst. Industrial Hygiene and Occupational

OF AN INTENSE MICROWAVE SOURCE Diseases

KIEV
The Naval Research Laboratory, Washington, DC, is o P. M. Buiko Res. Inst. Pediatrics, Obstetrics
negotiating with Science Applications, Inc. McLean, and Gynecology

VA 22102 for the above study. ° A. N. Marzeev Inst. General and Communal Hygiene
Commerce Business Daily, July 29, 1983 . Inst. Molecular Biology and Genetics, Ukrainian
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MEETINGS AND CONFERENCES

5th COURSE Place: Toulouse, France
BIOLOGICAL EFFECTS AND DOSIMETRY OF NON-IONIZIN(; Rewluests for Information: Dr. Richard Moore, Re-
RADIATION: STATIC AND ELF ELECTROMAGNETIC FIELDS mote Sensing l.aboratory, Univ. of Kansas, Center

for Research, 2291 Irving Hill Drive, lawrence, KS
660l45; (9)3)964-483h.

Date: November 15-25, 1q3

Place: Erice, Italy
Requests for Information: Persons from Europe wish-
ing to attend the course should write to Professor
Martino Grandolfo, Instituto Superiore di Sanita,
Viale Regina Elena 299, 00161 Rome, Italy; persons SYMPOSIUM ON NMR IMAGING
from other continents should write to Professor Sol
M. Michaelson, The University of Rochester, Medical
Center. 601 Elmwood Avenue, Rochester, NY 14642. Date: January 27-29, 1984
Closing date for application is September 15, 1983 Place: Fontainebleau Hotel, Miami Beach, FL
Fee: $500 (covers full board and lodging) Requests for Information: American College of Rad-
Content: Part of the course will be devoted to iology, 6900 Wisconsin Ave., Chevy Chase, MD 20815;
studies, both of a theoretical and experimental na- (301)654-6900.
ture, relating to potential mechanisms of interac-
tion of static and ELF electromagnetic fields with
biological systems. After a detailed review of the
fundamentals of physics and biology connected with
the Interaction of these fields with living matter,
the lectures will provide an updating of the tech- 28TH ANNUAL MEETING OF THE B YSICAL SOCIETY
niques developed for the detection and the dosimetry
of these energies and a critical analysis of their
biological effects in relation to the establishment Date: February 19-23, 1984
of safety standards. Place: San Antonio Convention San Antonio, TX

Requests for Information: Biopl S Society, 9650
Rockville Pike, Bethesda, MD 20 301)493-6114

RADIATION AND ENERGY: CONFRONTING THE CHALLENGES

OF THE EIGHTIES - LAW, REGULATION, RISK LIABILITY,
LITIGATION AND COMPENSATION BIOLOGICAL EFFECTS OF ELF ELECTROMAGNETIC FIELDS

AND THERAPEUTIC APPLICATIONS

Date: December 8-9, 1983

Place: New York, NY Date: February 23-25, 1984
Requests for Information: James Lawrence, Lloyd's Place: Venice, Italy
of London Press, 817 Broadway, New York, NY 10003; Requests for Information: Dr. Luigi Zecca, Associ-
(212)673-4700 ations for Biomedical Applications of Electromagne-

tism, Via Gentilino, 9/A, 20136 Milano, Italy; Tel.
02-8321655 or 8391867
Content: Topics of the meeting will be the physical
aspects, the biological effects, the medical impli-

cations and the therapeutic applications of ex-
8TH ANNUAL IEEE INTFRNATIONAL CONFERENCE ON tremely low frequency (ELF) electromagnetic fields.

INFRARED AND MILLIMETER WAVES Attention will be focused on the following items:
Physics: field generation devices, field character-
Ization, dosimetry; Biology: cellular effects, de-

Date: December 12-17. 1983 velopmental effects, physiology, hematology, immu-
Place: Carillon Hotel, Miami Beach, FL nology, neurology, tissue-vascular relationships:
Requests for Information: Dr. K. J. Button, Na- and Therapeutics: rheumatology, traumatology, angi-
tional Magnet Laboratory, Building NW-l4, MIT, ology, dermatology, neurology. Abstracts in Eng-
Cambridge. MA 02139; (617)253-5561 lish must be submitted by December 31, 1983.

Invited lectures by W. R. Adey, V. M. Bogollobov,
r. Cheng, J. M. R. Delgado, R. W. Farndale, F.
Lechner, A. R. Liboff, V. V. Poltoranov, and ..
Zecca
Fee: Registration will be $150 up to December 31,

MICROWAVE SIGNATURES IN REMOTE SENSING 1q83. Late registration will be $180.
Publications: An abstract book will be provided to

all registered participants. The proceedings will
Date: January 16-20, 1984 be published by an Internatlonal Publishing H1ouse.

.I L,_3
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CURRENT RESEARCH

KA:SLA l . :, ' l1M L , s 1, the microwave field, protective goggles absorbing
microwave energy must be worn.

Fron
, 

:'. e tn tin, lnntorrnat i:vn Vfntilt, Inc. will
pe tare I,,!'.-t t e t r L1 tt-- ,t t, r i t xes-.arch Radiation safety regulations of the socialist cotn-

e t, , 'i thV ,tiln ,'al vtt,.c ,'s nhnT! cir, , trils are summarized in Table 11.

eect rn ,eic rI eIad J bor j.!,11 . t i n itn 1 tl.is DI -e e r r.. -,n tit}d t o s t rail at i,,ns h s t
ge,-t. Z-ecnd ot these tr.ann.3t Inn is precnnt- The measurement of microwave radiation is discussed.

e! he 1ow. It is in tvxcterpt tron h tine to! - ing a -
titl1:

Tabl. 1.

B:'_ .06'ICAL EFFiCTS OF HICRO 'AVK KADIAThIn N. ( Hun.) r r F N )()-)DO 115 0.3-M) C".

A:mAssy, I;v. (Scientific Council, TKI - Telecom-
mulcattons Research Inst. - huanarv); Szab6, L.;
Ba ial , 1.. A Tavkozlesi kutato Inreze- Kozlemeyei, -d o .-r 0 -1.1 e0 V/1 10 V/1 0.01 .2

V . 27( 1-2) 15-45; 1982 (-b refes). h. rdoo. ocs,1alonLrauala Ion *.pOSulae 0 V. 00 V/. I.5 -/12

L'terature data on" the biological etfects of micro-

w aiv e tadiat ion are reviewed . The disc- ,sion covers 440pMl 2t40/c 40/a %W1-2/a 5.3 1/a

tthe physical properties of min cI row-ve r.i, it iun, its I s.e s s O onl-

ab so rpt ion by living organisms, and svstemic efc ts r.5l.e *on 1200/ 480/, 2.4/t mw/a
2

'. - icrowave radiat ion. icrowave tho rm, andphv for 4
meiical diagnosti purposes is described an,! .ppara- Fotbladen ar. eon.frl

tus for centimeter- and mil limeter-wave thcrmogra- po.ultiof" ocu - 10M V/. 500 V/. 10 ../cl,

phIc examinations is ilLustrated. The drat of a _ ,,

new Hungarlan microwave radiat in safetv standard N~ot.: g -eposure tie+ I& hour@it > I hour).
is presented.

..... "In the draft of the new Hngarian standard,
different safety regulations are specified for the
general population and for persons who are occupa-

tionally exposed to microwave radiation. The per-
missible exposure level for occupationally exposed
persons can be higher by 10 d8 than that for the
general population. Occuationally exposed per-

sonnel must undergo periodic medical check examina-

t t-i n.

In the draft of the standard , occupational ly ex-

posed persons are defined as follows: E'VIm

persons operating, repairing, and measuring I
S Forbidden

equipment emitting electromagnetic energy, l m ri

who are adequately trained; I I i

persons using and operating energy-genera- I
ting equipment who are adequately trained [ I I
for these tasks; Y02 I
persons who are at the site of equipment I I
radiating electromagnetic energy during per- .

formance of their _jobs, regardless of pro-

fessional training.

Permissible radiation levels in the draft of the 10ainlepur

Hungarian radiation safety standard are summarized 70 General

in Table I, below. The safety levels shown in the jpopulation

table are averages. No distinction is made between

exposure to continuous wave or pulse modulated sig- -

nals. The levels in the table are illustrated in 130KHz 130MHr I300MHz 1300GHz
Figure- 13, 14, 15, and 16 (from the article). 0 1 1 I I , -

lop 101 100 7"0 Mz
During extraordi nary work cond i tons , occupational ly KHz MHz GHz THr
exposed persons can stay In areas with a high-fre-

quency radiation hazard for a short time period

(maximum of 20 minutes) and can perform work. Pro- Figure 13.
tective apparatus to be used is specified in sepa- Safe limits of electric field intensity for

rate regulations. To reduce the harmful effects of continuous exposure (Hungarian draft standard).

5
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Table It.

Standard Scope Frequency EkNsure Etptobr Cent tnOu. / Fild/ rot ary
limit durt ion putted .odo incl

10-30 Ml1. 20 V/m Work day Both Both

10 V/. Work day buth Boh

30-S0 IMta
0.3 A/. Work day Soth Ioth

Soviet orcu .-
standard ttonaIl ho-300 Hl V/. Work day Both 0L th

914 oposor

tW uw/cm
2 

Work day Buth Flned

tOo uW/,C
2  

Work day Both Rotary

0.3-300 KIH tOO uW/c.2 2 hours Both Fixed

I sW/m
2  

2 hours Both Rotary

1 mW/c
2  

20 minutes Both Ftied

Soviet Centrol
standard Popu- 0.3-300 Mflz I oW/c.

2 
24 hour. Both Both

1978 lotion

0.2 Wi/c.2 t0 hours Both Fined

Occupa- 0.2-10 sW/c.
2  

32/V
2
/hour/ both Fied

tloaL 0.3-300 tHz
Etposure I sW/c.

2  
1O hours oth Rotary

Polish 1-tO mw/c
2  

BOO/p
2
/hour/ Both Rotary

standard
972 central 10 uW/c.

2  
24. hour. Both Fied

pop.- 0.3-300 MOtz

tttoon 0.1 W/,.
2  

24 hous Both Rotary

OcCapa- 20 V/. Work day both Both

tional 0-300 yXHI
Polish Exposure 20-300 V/s 32001

2
/hour Both both

r eC oasa ded

standard Central
1935 Popu- 10-300 NHt 7 V/. 24 hours Both Both

ttion

10-30 MHt 50 V/a Work day Both Both

t0 V/m Work day Both Both

Ocupa-
lonal 30-300 S4Ho 25 uW/c.

2  
Work day Continuous Both

t0 W/ct
2  

Work day Pulsed Both

1.6 sW/cm2 I hour Cont ino.us Both

0.3-300 GHt

O.64 W/c.2 t hour Pulsed Both

standard
1970 30-300 Mil. I V/. 24 hours Both Both

2.5 ui/cm
2  

24 houra Continuous Both
0. 3-300 Clit

. uW/c.
2 

24 hours Pused Both

General
Popu- 30-300 itle I V/s 21 hours Both Both
lot ion

t0-30 Hz 2.5 V/m 24. hours Both Both

p - Poe density W/-2 E - Elertric field density V/.
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CURRENT LITERATURE

0655 TECHNIQUE FOR MICROWAVE-iNDUCED HYPER- py was effective even in sites that had been Irradl-
THERMIA IN SUPERFICIAL HUMAN TUMORS. ated previously. The NW applicator allowed heating

(Eng.) Nilsson, P. (Dept. Radiation Physics, Univ. of lesions less than 7 cm in diameter and 3 cm deep.
Hosp., S-22185 Lund, Sweden); Persson, B.; Kjellen, The preset temperature at the master probe could be
F.; Lindholm, C.-E.; Landberg, T. Acts Radiol On- maintained at * 0.5 C but differences of up to 3.5 C
col 21(4):235-239; 1982 (16 refs). were observed between the different thermistors at a

given treatment session. Side effects of hyperther-
mia included pain and skin burns.

A hyperthermia system consisting of a microcomputer-
controlled 2450 MHz microwave (MW) generator is de-
scribed. MW power is delivered via a circular di-
rect contact applicator. Up to 8 thermistor probes
connected to a temperature registration unit can be 0657 USE OF RADIO-FREQUENCY PULSED ENERGY IN
used simultaneously to measure tumor and skin sur- THE CONTROL OF POSTOPERATIVE REACTION IN
face temperature; digitized temperature signals are BLEPHAROPLASTY. (Eng.) Nicolle, F. V. (30 Harley
sent to the microcomputer for calculation of temper- St., London WIN lAB, England); Bentall, R. M. Aes-
ature and for control of the heating. One of the thetic Plast Surg 6(3):169-171; 1982 (9 refs).
thermistors (usually the one inserted in the cen-
ter of the tumor) is chosen as the master probe,
and the temperature recorded at this probe is com- Clinical results obtained with a portable device
pared with a preset temperature value. Heating is used to apply small pulses of radiofrequency (RF)
started via a signal from the computer to the MW energy to surgical wounds are reported. The device
generator when temperature at the master thermistor consists of a small oscillator tuned to 27.12 MHz
is at least 0.2 C lower than the preset temperature. with a timer switching the oscillator so that small
The power of the generator (maximum output power of pulses of RF energy (square, 10

0
-uaec long pulses;

200 W) is selected manually to achieve a temperature 1000 pulses/sec) are emitted from the single turn
increase of approximately 0.5 C during a 15-sec MW coaxial coil. The unit is powered by a small nick-
pulse. All probes are read 2 sec after MW energy is el-cadmium battery that can be used for 5 days with-
shut off by the computer, eliminating the problem of out recharging. The area of the coil is approxi-
incorrect temperature measurement during MW irradi- mately 6 cm in diameter. In order to adapt the de-
ation due to interaction between the metallic wires vice to fit over the eyelid region, two wire loops
of the probes and the electric field. When the pre- were designed in the shape of an eyeglasses frame
set temperature value is reached, the length of the and held in place with light padding and a bandage.
pulse is adjusted by the control program so that Only one loop was electrically active; the other
temperature at the master thermistor does not fluc- provided a control. The device was applied for 24
tuate more than * 0.5 C. This automatic control hr to one eye in 21 consecutive patients after bi-
system has proven to be very reliable in clinical lateral blepharoplasty. No device-related compli-
work. cations were observed. Improvement was apparent in

11/13 cases where sufficient ecchymosis and edema
existed for comparison; ecchymosia and swelling were
so slight in 6 cases that no difference was visible
between treated and untreated sides. Two cases were

0656 MICROWAVE-INDUCED HYPERTHERMIA AND IONIZ- judged to be worse on the treated side and 2 were ex-
ING RADIATION. PRELIMINARY CLINICAL RE- cluded because of displacement of the dressings by

SULTS. (Eng.) Lindholm, C.-E. (Dept. Oncology, the patients. A similar device with larger loops to
Malmo Allmanna Sjukhus, S-21401 Malmo, Sweden); cover the neck and sides of the face is being used
Kjellen, E.; Landberg, T.; Nillson, P.; Persson, B. in face and neck lifts.
Acta Radiol Oncol 21(4):241-254; 1982 (70 refs).

Local hyperthermia induced by a computer controlled
2450 MHz microwave (MW) system was used alone or in 0658 REACTION OF NORMAL EQUINE EYES TO RADIO-
combination with ionizing radiation to treat super- FREQUENCY CURRENT-INDUCED HYPERTHERMIA.
ficial tumors that were refractory to other therapy. (Eng.) Neumann, S. M. (Dept. Clinical Sciences,
Thermistor probes were placed within the tumor and Coll. Veterinary Medicine and Biomedical Sciences,
on the skin surface; temperature of the pr-be desig- Colorado State Univ., Fort Collins, CO 80523);
nated as the master probe was maintained at 42.5 * Kainer, R. A.; Severin, G. A. Am J Vet Res 43(11):
0.5 C via the computer control system. The effects 1938-1944; 1982 (4 refs).
of hyperthermia alone, ionizing radiation alone (30
Gray in 10 fractions over 12 days), or hyperthermia
(45 min 1/wk or 2/wk for 2 wk) with radiation were The long-term effects of treatment of equine ocular
compared. Of 8 evaluable tumors given combined hy- tumors with radiofrequency (RF) current-induced by-
perthermia and radiation, 5 showed a complete and 3 perthermia were studied. The eyes of 13 horses and
showed a partial response while no response was seen 8 ponies were subjected to a 30-sec application of
in 3 tumors treated with ionizing radiation alone or RF current (2 MHz, 7 or 10 W); the eyes of 3 horses
in I tumor treated with heat alone. Combined thera- were sham-treated. The electrodes of a localized

9z



B1iolorica of~, -t .,.. aceniI~
Current Literature JRacloormnn v4'!, C i i'd

current ielA device were appliled horizontally to tar.!. R. JI.; Grant, E. H. hloch iiitElo;,hy, Ac
the central cornea in Elie right eye and horizontal- 4s. -51-468; 1982 (5io reis.
Iv and vertically to 2 separate limbal sites in the
left eve. Mean temperatures at the 2 corneal sites
w~is 48.7 C; at the 4 limbal ;ites, 56..0 C. In eyes Tie Jicl-ttr !it11 r 0) 1.1 C't. , t -rt , Mid, a
otlsrved t r o- I to 6 mo after treatment , scars per- p~rlmit It, crustacean known a, .:he !,fic Stirliep, Wert-
a is ted at I central cornealI site (4. 5t) and 6 1 in- measured ,%Ver Ike freitenie ratnce . UG!i . Arte-
t,4)s e)t t ' .. 3%) whe-re electrodes 4ere lositionei mia cysts are -mposvi! r!o ' ose ly-acied
ve r I "tI L. . Pa tholo?!cch eaO obe,re-d Vp to I wk cells srruif.ile by -iicl ai'..ai el, 11 andl canl ur.
at~v t,<.i sen tic liied transient ule ri: ice kern- dergo cycles o* i.ti.,cf~~to wItout loss
- ,t!'. a,, itelor uveit is. Vision was not compro- of viability. Mesuremeiltb wie peri oraec on cysts

11ised in any of the animals permitted to live be- with various water cotcrtc, :rimarily 1g Hff-,it I
Yond I wk. g dried cysts. Complex pecriittlite' measurements

were made at 0.8, 2, antd 4 Clic With. a coaxial line
apparatus; thUse at 15), 35, itd 7:i Glfz were midei
with a waveguide apparatuis. At -acbh f rquencv ex-
cept 70 Gliz, the petitt liIy ste i a, increase, as

ohaS't) ACCELERATION OF' THlE DEVELOPMENT OF BEN- the water content ot the c,'. a increased. At the
Zti'YRENE-IJDUCED SKIN CANCER IN MICE BY high hydration values, tne? permittivity leveled off.

MICROWAVE RADIATION. (Eng. ) Szudzinski, A. (Dept. At 70. G~z, permittivity was linearly dependent onT
Dermatology, Postgraduate Centre, Military Medical cyst water content. The permittivity of tie intt,,-
Acad. , Szaserow 128, PL-00-909 Warsaw, Poland); cellular water at 35 (Olei Was estimated as 16 which
Pietras-zek, A.; Janiak, M.; Wrembel, J1.; Kalczak, is 30% below that for p ure waicer at 34 G~z. T I-
M.; Szmlgielski, S. Arch Derm Res 274(3-4):303-312; authors assumed that Witter exsts as hulk and non-
1982 (20 refs). bulk fractions in tie cys;ts and calculated that 43'

of the cellular water had a permittivity equal tol

th. enssible co-carcinogenic activity of Lung-term thtojioewtr
low-level microwave (MW) radiation was studied in
balb/c ,nice. Skin cancer was induced in the mice
bv chronic exposure to 3, 4 -benzopyrene painted on
the dorsal skin every 2 days for ,n to 6 mo. Mice 0661 MICROWAVe, MuDI'LA~liN: OF NEURAL ACTIVI 1Y .
were exposed to 2450 "lz MW energy (from a Lucz 58 k Eng. ) Wachtel, HI. (Dept. Electris!
cenerator with maximum output power t 150 W) in a Engineering, Univ. Co.jLradc,, hbticlet , CC') I.
temperature and humidity controlled anecholc chamn- Scl Instrumen 10vto, 52 (6 refs).
ber at incident power levels of 5, 10, or 15 mW/cm

2

specific absorption rates of 2, 4, and 6 inw/g, res-
nectively) for 2 hr/day, 6 days/wk, for up to 6 mo. A mathematical model is presented which can bees
Mice were divided into six experimental groups of to predict optimil m,ctoiie 'Mi. ;ise pairanoet,:r
100 animals each. Mice in groups 1 and 2 were si- for perturbing neural acttvlle with minimal tie of
multaneously exposed to benzopyrene treatment and damage doe toi temperature rise or excessive currtn t
MW energy (5 mW/ cm2 or 15 mW/cm

2
) for 6 mo. Mice densi ty. The model, whi ch is based on tile ohserci-

in groups 3-5 were irradiated for 1, 2, or 3 mo be- tion that low levels of MW- power can rapidly pr-ic,~
fore the beginning of henzopyrene treatment. Con- changes in the firing patterns of Isolated Aplvia
trol animals were exposed to benzopyrene treatment pacemaker neurons and that MW pulses may he equiva-
for 6 mu, and sham-irradiated for 2 hr/day for 1, 2, lent to injected transme-ibrane DC pulses, sugests

or 6 inn. All MW irradiation protocols resulted in that a distinct minimum pulse energy exists whenl
significant stimulation of the developinemt of benzo- pulse duration (in sec) equals 1.2 x the mombrsine

py rene-induced skin cancer and in errtening of the time constant. Nnin v sive inodulaLicon of nielrtcia1
life span of the turnor bearing hosts, the effect activity by M1W puises couild have nilmerolis hire-i-

was more pronounced both ater exposure to higher ical applications.
power densities and after longer exposure periods.
When benzopyrene treatment was preceded by or con-
comitant with MW irradiation, skin reactivity to di-
riltr,flunrbenzene was; markedly inhibited, suggest-
icig that long-term exposure to low-dose 2450 M11z MW 0662 MICROWAVE ABiSORPTION oF DiNA hi< yA.
radiation may suppress cellular immune reactions. 12 Gliz. (Ent,.) Swicordi, M. 1 . (iire.o: ,t

Radiological Health, l-'21 Twinhro,'( Parkway,is--
vi lie, Ml) 20857); Pavi,, C. C. bi palivrs I
2453-24(,0; 1982 (11 refs).

0660 INTERRELATIONSJMIPS BETWEEN WATER AND CELL
METABOLISM IN ARTEMIA CYSTS. X. MICRO- The microwave (MW) abbsorpcLcoi .oefficients (i 5f e

'4AVF DIELECTRiC STUDIES. (Eng. ) Clegg, J. S. (Lab. ous su)lut io. of I NA ,'xti-, t vom ele
Qutantitative Biology, Univ. Miam!, Coral Gabiles, Ft. 11 were n,'.sure,! 'Ctr iCe i-,e i-

1124); Szwarnowski, S.; Mchlean. V. F. R. ; Shep- The 'has' t Coctiatlin i , tt,'C.V *
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was used to monitor the temperature rise induced in as the use of highly specific pulsed electromagnetic
a sample by pulsed MW irradiation. In this techni- fields in fractures that fall to heal, failed ar-
que, a single frequency He-Ne laser beam traverses throdeses and congenital pseudarthroses. Orpin re-
the sample while the sample is heated with 10 mJ sponds that his letter referred to _.igr-t1r equip-
pulses of MW energy. The heating of the liquid sam- ment currently advertised in Canada 1l not to de-
pie when it absorbs MW energy induces a phase chirp vices used in research that are n,,t , , available
in the laser beam. The absorption coefficient of for clinical use. A more precise ter I -logy and a
the sample is determined from a plot of optical he- classification system for devices that di. v.r diag-
terodyne signal as a function of the distance of the nostic or therapeutic energy based on their levels
laser beam from the surface of the liquid. The max- of acceptance and authenticity are proposed.
imum random error in the system was less than 2% as
determined from measurements on delonized water and
other media such as saline solutions and methanol.
The attenuation coefficient of the DNA solution was
greater than that of water and saline solution. The 0665 NEUROPHYSIOLOGICAL EFFECTS OF ELECTROMAG-
absorption coefficient of the DNA solution was 40% NETIC FIELDS. A CRITICAL REVIEW. (Eng.)
higher than water at 8 GHz, decreasing to 10% higher Hansson Mild, K. (National Board Occupational Safe-
at 12 GHz. At 6 GHz, the absorption coefficient of ty and Health, Dept. Occupational Health, Box 6104,
the sample, which had a measured dc conductance of S-900 06 Umea, Sweden); Oberg, P. A. Electroenceph-
0.67 mmhos/cm, was 25% higher than that of a saline algr Clin Neurophysiol [Suppli 36:715-729; 1982 (58
solution of 20 times greater dc conductance. Thus, refs).
the absorption in the DNA solution does not arise
from ionic behavior but is in agreement with absorp-
tion by the longitudinal acoustic mode of the double The neurophysiological effects produced by exposure
helix. to 0-100 GHz electromagnetic (EM) fields at levels

considered to be non-thermal are reviewed. Occupa-
tional exposure to near- and far-field radiation is

discussed. The effects of constant and alternating
magnetic fields at the cellular level of the nervous

0663 FALSE CLAIMS FOR MAGNETOTHERAPY (LETTER system have been studied in giant axons of lobsters,
TO EDITOR). (Eng.) Orpin, J. A. (Bureau frog nerve-muscle preparations, frog retina and sci-

Medical Devices, Health Protection Branch, Dept. atic nerves, cat saphenous nerves, rabbit vagus
National Health and Welfare, Ottawa, Ont., Canada). nerves and superior cervical ganglia, and the abdom-
Can Med Assoc J 126(12):1375; 1982 (no refs). inal ganglia of aplysia californica. At the organ

level, calcium fluxes in cat and chick brain tissue
exposed to modulated EM fields and heart rate

In response to many requests from physicians regard- changes in isolated perfused rat hearts exposed to
ing medical applications of magnetic fields, the au- microwave (MW) irradiation have been repotted. The
thor states that there is no scientific evidence of -esults of studies of EM field effects on different
any usefulness of magnetotherapy. The units used mammals are reviewed. Effects observed in humans
for this therapy consist of a coil through which di- exposed to EN fields include deep heating In tissue
rect current passes and may be pulsed I to 50 times during shortwave and MW diathermy, a faint flicker-
per sec. The magnetic field, which can reach a va- ing visual sensation when the head is exposed to
lue of 10 mT, approximates that found near a small electric currents or magnetic fields, and auditory
IO0-W transformer. He further states that findings perceptions when the head is exposed to pulse-modu-
in the literature concerning magnetotherapy often lated MW energy above a certain intensity level.
conflict and that no properly controlled trial has The neurasthenic syndrome (headache, irritability,
been conducted. dizziness, loss of appetite, sleeplessness, sweat-

ing, difficulties in concentration or memory, de-
pression, emotional instability, dermographism,
thyroid gland enlargement, and tremor of extended
fingers) has been reported in epidemiological

0664 CLAIMS FOR MAGNETOTHERAPY (TWO LETTERS TO studies of workers exposed to radiofrequencv (RF)
EDITOR). (Eng.) Bassett, C. A. L. (Or- and MW radiation. There appears to be a general

thopaedic Res. Labs., Coll. Physicians and Surgeons, consensus that the majority of biological effects of
Columbia Univ., New York, NY); Orpin, J. A. Can Med RF and MW fields can be explained by thermal energy
Assoc J 127(it):1079-1080; 1982 (no refs). conversion. For frequencies in the kHz range the

possibility exists of direct nerve excitation by
induced eddy currents at very high magnetic field

Regarding Orpin's letter to the editor in Can Med strengths. Modulated fields appear to have a
Assoc J 126:1375, 1982 [see Abstract No. 06631, it greate" ability for interfering with biological
is necessary to differentiate between electromagnet- material than do continuous waves. Both amplitude
tc devices for which unfounded claims have been made modulated ultra high frequency fields and extremely
and those which have been thorougly investigated in low frequency fields with frequencies in the range
controlled laboratory and clinical conditions such 6-30 Hz have been shown to affect brain tissue and
as the use of highly specific pulsed electromagnetic bioclectrical activity. However, the level of

|ll T .. . .. . - - a t '7 r _ Z ' I Ii' . ., . . .
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knowledge of the mechanisms behind EM field effects 436-438; 1982 (11 refs).
on biological systems is still low.

The membrane voltage noise of cardiar-ce, .i,

gates was studied during microwave (MWI

as a probe of the molecular mechanismo -
Obob RADIOFREQUENCY AND MICROWAVE RADIATIO:. between electromagnetic (EM) energy and an ,x .

(Eng.) Hileman, B. (No affiliation giv- cell membrane. Aggregates of embryonic -1 !1-

en,. Environ Sci Technol ib(8):442A-444A; 1982 (no horn chicken heart cells in culture wvre ,la t,!
refs). an open-ended coaxial exposure device iinn, Ct

source of continuous wave, 2450 MHz MW ent r".
perature of the medium was maintained at _' ±

The environmental effects of radiofrequency and ml- During irradiation at specific absorption f t

crowave radiation are reviewed. Results of animal 122 to 237 mW/g, the local temperature i t ,gyr.
studies are outlined briefly. Standards and guide- gates increased by no more than 0.8 . tLr ,
lines for exposure to microwave radiation vary by voltage noise was recorded from 5 dl't-ret -v,

3 orders of magnitude (up to 100, 1000, or 10,000 gates in a total of 8 exposures. Average, ei x,
oW/cm

2
). The U.S. has no federal standards adopted sure "alue of power for the 8 exposure. ws -"

by the government through the regulatory process for ± 3.12 dB; during the beginning of expossr., it - -
the protection of workers or the general population -82.36 ± 4.25 dB. Average powers for 0it f(.[s,

from either microwave or radiofrequency radiation, exposures were -83.39 t 3.87 dB and -81.44 1 ,.

dB for pre-exposure and beginning epochs, rts

tively. The average increase in power durin •
beginning of exposure was 0.99 ± 3.93 dB c,.ir

8 exposures and 1.94 t 3.81 dB for t'e f1rt -
0667 AN INCREASE IN COLONY-FORMING CAPACITY OF posures. Because of the large varlabillft, :' - ,

THE BONE MARROW STEM CELLS AFTER MICROWAVE s-ilt is inconclusive and furtLer experim,.nt- i:,
IRRADIATION IN VITRO. (Eng.) Rotkovska, D. (Inst. progress.
Biophysics, Czechoslovak Acad. Sciences, 612 ',5
rno, Czeckoslovakia): Vacek, A. Folia Biol (Praha)

28(2): 138-141; 1982 (7 refs).

0669 A SELF-BALANCING MICROWAVE RADIl MLT ,

. ,e effect of microwave (MW) ra,.Iation on bone mar- NON-INVASIVELY MEASURING THE TMPIFK<:
row cell suspensions in vitro was investigated ;n OF SUBCUTANEOUS TISSUES DURING LOCALIZED HYPil.7'h
mice. Bone marrow cell suspensions in Hanks' solo- MIA TREATMENTS OF CANCER. (Eng.) Steczer, . '

tion were irradiated for 5 min (2450 MHz, 65 mW/cm-
,  

Labs., Princeton, NJ 08540); Paglione, R., .".

temperature increase of 6 C) and injected iv into x- F.; Mendecki, J.; Friedenthal, E.; Boistein, 
'

irradiated isogenic recipients 10, 30, or 45 min a!- IEEE MTT-S Digest:438-440; 1982 (6 rets).
ter MW exposure. On day 10 after transplantation, a

significant increase in the number of colony forming
units was observed for the hone marrow cell suspen- The use of a self-balancing radiometer opert::n

sion transplanted within 10 sin of MW exposure bt 2350 to 2550 MHz to non-invasively measure subc'-
no difference was observed fur the suspension tran- neous tissue temperature during localized radio' -

planted 45 min after MW irradiation. In a control quency (RF, 27 MHz) and microwave (MW: 2450 Hz > -
experiment, the colony forming capacity of bone mar- perthermia treatments for cancer is described.
row heated in a water bath was not aifected by a rise 2450 MHz contact applicators are used tot treat',
ti temperature comparable to that reached during '1W cutaneous and subcutaneous tumors, the ap:licaz:

irradiation. The repopulation activity of bone mar- serves as the antenna of the radiometer and r...
row cells added to MW-irradiated Hank's solution and the thermal radiation from the heated tiss.,es.-
transplanted after 20 min incubation at room temper- 2.' MHz applicators are used to heat dee;,-s,,atd

asure was almost equal to that of MW-irradiated mors, tissue temperatures are measurt,! b%- r,.
hone marrow suspensions. The results suggest that the applicator after heating and then mea.ui::igF
the effect of MW radiation on the colony forming ci- thermal noise power emitted by the heated tic -.

iity of the bone marrow may be indirect and may 'e a ceramic filled waveguide applicator usual ivyi.

rn~iLated by alterations in the MW-irradiated solk- as the antenna of the radiometer. Current 1imlo

,!on. ttons of radiometers of this type are that only av-

erage rather than point temperatures ar, ,.

by this method, and the depths at which t!-. :

peratures are measured are relatively shallow.

CHANCES IN CARDIAC-CELL MEMBRANE NOIE
DURING MICROWAVE EXPOSURE. (Eng.) Sei-
(Biomedical Res. Div., Georgia Tech F-i

rnlig Experiment Station, Atlanta, CA 30332); Oh0 THERMAL DRIFT IN MICROWAVE THRMwi;kvl:'
r, R. K.; DeHaan, R. L. 1982 IEEE. MTT-S Digest: (Eng.) Shaeffer, J. (Dept. RaO, ,

I?
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Oncology and Biophysics, Eastern Virginia Medical Current knowledge about the biologic'. .
Sch., Norfolk, VA 23507); El-Mahdi, A. M.; Bielawa, al effects of exposure to radiofr 1c.n-
R.; Regan, -. F.; Csrr. K. L. 1982 IEEE MTT-S Di- tromagnetic fields Is summarized. 0n.'
gest:

4
4l-

443
; 1982 (3 refs). and behavioral effects, enhanced ef 

.
•

ions from chick and cat cortex tst-r,
gistic effects between microw.,e ra lai.

During microwave (MW) thermography for the measure- choactive drugs have been reported. A
ment of subcutaneous tissue temperature, prolonged with exposures lasting up to 16 ..i .
contact between the MW antenna at one temperature ducted. Results of the first 15 mc, L- .
and a subject at a different temperature results in simulating human exposure to the Ai: i,_r r
thermal drift, the apparent change in the subject's system are discussed. Factors a!tet::
temperature. Thermal drift may be positive or nega- absorption of electromagnetic ra ai:a -, ..-

tive depending on the nature of the thermal mismatch rized. A lower, frequency-depend.- t .. ,, t :."

between antenna and subject. It can be eliminated has been recommended by the ANSI imm I t
or minimized by appropriate thermal matching of sub- allowed power densities are calc'.Iclre
ject and antenna and improvement in antenna design. whole-body averaged specific absor;ti ,t r"-

than or equal to 0.42 W/kg over zt "r,:
3-100,000 MHz. Medical application, ,:

netic fields include hyperthermla

cancer therapy, biomedical imaging, an., r
0671 DYNAMIC IN VIVO PERFORMANCE OF TEMPERA- wave heating of the animal head as , ,

TURE CONTROLLED LOCAL MICROWAVE HYPER- sacrificing animals and inactiva-n 1 ; •
THERMIA AT 2.45 GHz. (Eng.) Knochel, R. (Philips Areas that need further investigatt :
Res. Lab., Vogt-Kolln-Strasse 30, D-2000 hamburg, W.
Germany); MeNer, W.; Zywietz, F. 1982 IEEE WIT-S
Digest:

4
44-447; 1982 (4 refs).

A temperattnre-controlled 2.45 CHz microwave (MW) 0673 UN-UNITED FRACTURES. PAiT
system for local heating of small animal tumors is ELECTROMAGNETIC FIELDS. A ,
described which consists of a Philips MW 127 gener- WAY TO PRODUCE BONY UNION. (Eng.)
ator (25 or 200 W maximum output power) operating L. (Dept. Orthopaedic Surgery, Ccl :H t-
in a pulsed power mode, micro-thermocouple tempera- Physicians & Surgeons, 630 W. Ic _.,
ture monitoring equipment and three different appli- 10032). Instr Course Lect 31:88-94; ccc.

cators: commercially available non-contact spiral
antenna, ceramic-filled wavegicide end cross-fire ar-

ringement of two ceramic-filled ante nas in cophase. The first article of a three-part s-r:,
It was capable of inducing an intrat-nor temperature ed fractures describes the uso i,
of 43 C within 3 min and maintaining it within * 0.1 magnebic fields (PEMFs) to stimnhcat, .
C during 15-min treatment sessions. Comparison of un-united fractures. A study of 1, -,
the control-loop respons- in phantom tissue and in patients with un-united fractures or
solid tumors (rhabdomyosarcoma RIH) in anesthetized deses treated with PEMFs revealed ..
rats showed significantly different heat distribu- 77% for the first attempt to prodicc:
tions during both transient and statiocary phases method Isee Abstract No. 00681. .. n ,
of heat control. Interference between thermocouples 92% was seen in a series of 53 uc-,:'
and electromagnetic fields was reduced by orthogonal of the tibial diaphysis treated at c-I

'

positioning of the thernocouples and 1y at least a terian Center in 1979. Contraindti,',
1 sec interval between turning off MW power and tem- method and procedures that art, imp, r,
perature sampling. The ceramic-filled waveguide an- the success are outlined. PFiFs cd c ,
tennas exhibited better coupling between the tumor pear to work synergistically to asc,;Y."
and the antenna than the spiral antenna. Although PEMFs are used in clinical evaluatl,
positioning of the rat was not as easy as with a vascular necrosis, looosened protco-,
single applicator, the crossfire arrangement of ap- osteoporosis, and Paget's disas,, ,',
plicators was the most efficient: less power per oratory, they have proved effectiv, iti
applicator was applied and faster heating to the repair of peripeheral nerve lesion-.
final temperature was obtained.

0672 BIOLOGICAL EFFECTS AND MEDICAL APPLICA- 0674 UN-UNITED FRACTURES. s.r -%
TIONS OF RF ELECTROMAGNETIC FIELDS. CONSTANT DIRECT CURRENT IN"

(Eng.) Gandhi, 0. P. (Dept. Electrical Engineer- OF NONUNION. (Eng.) Brighton, C. T. ,,,,= ."

ing, Univ. Utah, Salt Lake City, UT 84112). IEEE psedic Surgery, Sch. Medicine, Iniv. P. 7-
Trans Microwave Theor Tech 30(1):1831-1847; 1982 Philadelphia, PA 19104). Instr C:.,-
(113 refs). 103; 1982 (36 refs).

13

I



t.r-.2.r! Lilefature

a rt Cf .ta t rrec- padrt sei Ies o iiii i- Ln it ,d Cab5.
r i beqt tie rise ! a serrllInvAa i ve Petr'ii- to v-''

t -'consire nt itrectr Current methodl ti treiat lorry he at ti:

1 . n clIint I ,I mrtiri'., lii 'Pat ients wic b te'rtn'rrrr'. - r r

l-r if, t-'I 'irril i' *--- '' irr tC ia "It" ~ t y- Is

t . , ail t ii. t r C to t l IIv
-,sot irrg o t t i Iid-e troct t rasI a-

* , 4.- ors in cirt-it wdithr i ' V hatcry
*s ."~' t ctitr il .tn 4sS de IIl v iNrod r.gi r I -

f *" r5 ii rj ina tt ic , . Dli rtlng tit. coi .it ' or

1 '1 CurrtetI was t!n(-reaid !r i T t 11 1
I r1 01 C Rt Ir.I el I trrrri ti o t

c o the electrical trerrtflrr-iltt roar t, "lA i;
' S, rti"sq scel cathodles wete lIiserted it lier coctei,-tat Ia. S

I ci001n. In Mist $, It- prt VIta C-b, vi a.
t
A e 

t 
trim t~r k1 os11P It!A I ca-c I',-;ct-p Ird- Dr-rIvet p- F

i's m -tiiontr t reat ed ! ' conrstcrt ;mii 4 4--
* '8 '~i.~: heled I iad!eqr ale cI ,c-

-, d ti It 1 5 1O t!ar litr sitorv ial pseir-

- , 1-1 , m !id the 1ire'eni-t-,t ai rorge dip
tlrhj1t th,- d iamet er orc thLIe toew at the

-n n ori - r t t Thrr -f 24' noiiriotis Tire i,, - ut 1 ir -I-

:'o;' _jd I t tii ," n Ir i hi . t8' t a -, trI't i '

-rr----v~rthc , a h ia cih

L . r i it I ;' '1 , t a-, t r1
t I~ t ~ a 11 4 i a, o c h

- iv it t s Ih - Ii Iwrkit-t t -
:I t i e I Iroc d re t Ii' 1 ICi v o h

Mr ;s;l I some boric Is, tor'tr it LIt- Vt jlil' C

r i

'Il 'iii 't I tli

at c ' I .t
"I P 'Sr Ii i1 YiA l1E ( .-tN C!,T I Al1. lk i rr "

- t; -C o M A- 1 t".7 i Ec'15 A' F- 1)i

t'i t Iill'! AT.W, F-'R !ttlI RFi- BOiNE imA I I C 11,.
D~ 'c' t (Itert . Crlrnpaedte S-: 1 'cr, , leo U e r

cl' i In ens ' l!'sp . , 72 K In g W i I11Iam 9, N. Ad., I 1 addre'-r- t'I hr 1 1
* , 'F a 1  -iist tra1 1r0. I ratt Courta I t Ii I : lopae- St 1 re'- .- ' i e-

1 R ' 2S (2' r,.f ii

itI an vz

- iv nrti itelf '-n errwsI a' selii vt ,w1 -, n r't
Its tn ,'' e -h--i (' lr- r C Ii Im, i 1>

Ii ' i' i t ri ats -, ' t IT i I ot t r I i L c t a

iot t A t--ir ho tir er-- ). f -! t In 2 1

v I' a-'- p a ,' I eI Icr~ r : I gmr t

-il t C ' r- i' t - .'rt I ;I I- 1 e

-)7 tn rpirat , tte t , 'r - C I

I pI- r i

o p '-cri' a T

C. x'1 -1i fic-- - - -- '



Current Literature

'S. ~ ~ ~ ~ ~ ~ , o' t" ' 0 '. -1' exa I '''5V. 1 2 tnt i ' ii '.it at in -I t e,- f it t ito-

A -.- st'',- 'I tI 'tir-s alld triioserele.'t et, the,I 1 Wage
ft fi 1s t' neHoSn t i sue I)" W 11 ti at t ie l e V1-I e II

'iIi ' lmt. r 'Nt the~ e is ,j sc.d

*l' "A 1. 1. S Ii eite 'r det.at . 0. -- i

: cii ,"is was 1t it . Ltnt .2 Iat a
iC2 :impat ihi' witit thIe load d ata.1. [' sis

t "tn'.g's that totLal eniergy is lot a ema" r It in

'T N A -j" J v I I efc t I ivte anitd t ha t s peniti.',v lt.Itt r, iar -
'r t 1.), , x 1 ii, ii' tri s t Incs mnav he requ ired t o I rgge r s.'lIeve

c'"''tsi I ''''I itus hiological respontses.

rc; t t I- F. t c' i? "ec pro,-
\ G ie!ar .Whole-

ma 'it' '' STUI FS OF LO0%et-TFRM EXPOi'
1
'Rt OF THlE PUR-

nt.',1 'N' ''c ' ."i N1 ee iNF SR,\I N TO HA'I ATI ON FKPM T.WO-WAY PORT-

Ab!.Y RAIIOS M (FIINit PAPER) En (g . I ,ot Ieon , C .
V11"'11. (letniv. Neir:rge rv, pon v. Smit h Fiat'r ea Call11.

n 'nt iiI tc Tampa, EL 316 12) Bal zarec, G):earay , t

,. 1 ('a ra ,11, F . R .. IM icrowasve Po~wer 1714):28k'-281;

r't' .l.>on ""it' iri fe iM thii ~'t ear so' 1it n

~~~~;. .1' pl-) -l pigs w., titted with a let iiareeoss hold-
l iIit i.- 'I tool, I a s t a iIa r i t wi-wan oIrt Af' Ie r'a~tt I MotNolIa ,

ve. olt "x;'...I.ire mo '"IA s3 5o, ' Mz~ ,'. 6 ) Sio t hat thle ant enna ne-
1 e.i.,., -i'' t 1d ,itit;'v Nt I cm Irr t he f ront al mid-

1'. ~ ~ ~ ~ ~ " ,iI~t;i53.i-' the sop After a -nit tratning pevrid to
N..' ~ir e''e".i enbeti i .i.il' th' pi Io tO tiet ihnirgir U.N 7t, were

s'tr: 'eoi cs A~l et'. to 1 : ',!anv tit r ' f.i To, soTnrIla te

p--orT -I,5 ,' -e
1
''- t Iot N-p.Iite'I -it) m . 'i ' , c 1 m itn

c, ':' t'ieeua- w eve' r 0 1ia t ieon , 4 mlItn ;e aIef AtI tit 90
t .t' il a'nat were sa.'ntl i neil6. h a it tine was

W -V Q I i NIsi , -'1', Eans. Mil 1 hr prtlir t A, I! tt te.

'S 'El'iS. Nto ireis ot hi .1, !-rI Ii a hat c ritt isrrto pto' we IIene-
Nw 'i's libs.. o, etered aee~l ticer' wis not nvide.., )I trt' dema.

.1~~~ ~~ t: c-'e , t' ~ 'it, 1 -- , pe.i' selnIt ,' ,ra'' t Issue
.J.''~~ iN '..o . .;t.' 1!e'mAItx. '' o, e'i sI I:,, NvI a'i lit;iI'i

'I '1'" ''0" 11~i pr8- ;,A ss"ttei Ani~,nit i m,''t bIns-

-) ba tile tre c '-ti o,, l't. ts rne wa s
i ,t ini te ces to h r itI. ( I , ie I : t h t t ie

F 'l , 1it' .i I ir t N,,' - o oe- i r, i I i n ts. The

-i -. i' 1 1'.' a in YH' YW 'et'i ,,' ..- Ni...t 1 1e 'dI,' rt -e r Iel , bra In in-
- ' ' ' ' i I' "Ii ' 'eI ii rt it p e, etI A t''CltIt i I elltktils thaut, similar

v !; Ill fi ti.''-Il5 N1intaliie raf', lee f irs will proi-

t !41-'Vtt 'Ilii .lls' brite111 in iirs. ot tetold-bratel r hit, r~r distjp-

n-s S YN F I ' T I C FJ)F ifS (I M Ie8~ I)5H' 1, SH EHt vE i&S oDM WAl
I 'H7. ieNTORARBI TAt. IN t AKOIe('p7'.i H AI', MEET-

I we' Iv IN' P APER) . ( F n ' .1 ) i. W It t , I . H. ( Dept~' . 4 en-
''I- N'. ''' -in ' ' I '~ ' Cr ic 'ii f i f rll e i l(* i i.. C , Si It 1 ik'A 'CrIst VT

I I Pi ''-'' t -- A. ' , I -av I'- 1 ' 'i' ' u

8 re



C. -of Literature Pac1oafrn;'(1,

t,1S ,f %,nhined doses of pulsed microwave The tratismit ted. wer
I ton:iind sod ium pentobarbita I on the ac- Power densit ' (P1 on to. tn

t 0 vtt b-hox avoidance responses were pies Is presetted. tf n

e- a-I,-vn rats. Six groups t I oj I jtpe I
,i li terk-nt combinatitons tit sodiii. w ~er behind i -inple

*r'-: i1 A, 10 , or 15 mg/kg, ip) fol lowed hy Adinturbiog theH I att ,

H , !o( m~'Icm
2

, 3-GHz carrier wave , 5t(' n-:pF-rttJnal to tHe ~
a2,-usec pul-te width, for 381 min) . Afte r do i-trine t

r- r ad Iat ion, rats were removed to 'd ~e
'i-id g I-cer 18 min to explore and adapt .s co0 H'-p

i i I:i. wais be gunt. The conditioning stimu- t "Imap"'. I., ;ed on

. s comhinalton of sound from a spealte: St ie C~n t tooI!t11 '
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* a- rait happened to occupy at the on- Io ib sat
t oringl the training trials , the 21--Inc lit wave
I ,-,nijt t)nedj st imulIus (ULS: 0i - ?3 MA I deal towe r an4ritH F
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t
- -. e,sr Ing that there was a synergism be- tort FIristeit, i#9,2 1 1 ur

.8- 41 rai at Ion anid drug doses of 10) and b- crowave Power 17(4): t24

it hi ta

hrome-nickelintsulate, ' tri

t the duodenal wail of i-!
lihe etfeitS of 2.4' Cliv ,~

* moot h muscle. Ra a SI.i
P1 1PFRTHFXM1A APPLICATOR WITH MOV ING wtetc irradiated in I mul t i,

I-iC?,RiODES (MEETING PAPER). (Eng.) Cur- i: /cm-' or 1-4 hr. S pet b t,,"'
T . rpt . Flectrical Engineering, Univ . measureG by readings of forwa, ""

'a 1.nooAlberta, Canada 76G 207); Voss, at 5, 7.5, and IC mW/cm
7 

were
'iiirowave Power 17(4):284-285; 1982 (2 71W/g, respectively. Duriat',

;low-wave frequencies acce leri:'

NW exposure began (bY 97t1 - !
ases and by 19%i at 7 .5 mW/-on I,, r)'
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2
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The motagenic et fects of 8.7175 G1z con inuous wave cal problems or the hypertuns ! ,x.
( CW) microwave (M1W) radIation were stud: I In conid- men; a diagnosis of acute po t-t r;, I

Ia of Aspergll us amstelodami. Conidia were exposed order was given in both cas,
Ii the near If e Id of a horn antenna for I or 6 hr at men, aged 30 and 39 yr. were xp,
, v strmated incidetnt power density ot 2. 09 mW/cm

2
. power density for 5-10 sec. Th,. .

Fxp, sores were carried out in the dark at tempera- vertigo, and a heating siusati
turs ranging between 28 and 3i C. During irradia- did not persist beyond 3 wk a!
tion, the suspension was continuously stirred by a
rotating magnetic stirrer (rate of rotation, 14 Hz;
a 1h.87 x 10

- 3 
testa magnetic field was Induced by

the stirring device). The frequencies of conidial
colr variants and of 8-azaguanine resistant mutants 0686 DEVELOPMENT AND 1" A N
In treated and un-reated populations were compared. WAVEGUIDE CHAW.EK F FPA'.!
Both treated and untreated conidial populations gave DIATION KILLING OF THE MnUSF AN. t.1 NA,

similar frequencies in morphological and in drug-re- Schneider, D. R. (Pept. Pharma !, -
sistant mutants. The response was not affected by Wayne State Univ., 540 East Canf :>.
exposure duration or by temperature elevation (2.2 C 48201); Felt, B. T.; Rapacrt, Y..,
and 2.4 C higher than controls after 3- and 6-hr ex- J Pharmacol Methods 8(4,:2- , . -
posures, respectively). The results demonstrate a

lack of genetic response of conidia of A. amstelo-
dami to 8.7175 GHz CW MW radiation. A nonrestraining 4aveguide cl.at'r , r"

with focussed 2450 MHz mlcr-wa.c,
kill small rodents rapidly and wit, t- !.

animals is described. The deslgj: s a
observation that a rodent will prit, ','-

t'85 PSYCHOLOGICAL, SYMPTOMS AND INTERMITTENT a darkened hole (e.g., in the hr.aJ !A
HYPERTENSION FOLLOWING ACUTE MICROWAVE waveguide chamber device) with a de'.iv

EXPSL'RE. (Eng.) Forman, S. A. (Navy Environment- sec after being placed on a lighte,' p'.-.r : A.!:i
a' Health Center, Norfolk, VA 23511); Holmes, C. K.; cent to the chamber. The MW generar : r .
McManamon, T. V.; Wedding, W. R. J Occop Med 24 waveguide chamber Is attached must hav
(f!):932-934 (11 .efs). 3.5 kW output power to propertv helat T-

the small rodent head within the time "1
msec required for the accurate measir, in, "

Psvchological symptoms and hypertension following concentrations of rapidly modulat-,
accidental, acute, high-level exposure to X-band Indices. For maximum coupling of M ,.. '
microwave (MW) radiation are reported in two healthy rodent brain, animal placement most he 't 4 -"
men operating a portable high-power MW radar track- of 1/4 wavelength from the closed end ,
ing system during military field maneuvers. The ex- guide. To insure accurate positionIng ,t a
posures occurred in the radiating near field and Ing wave of MW radiation at this l,.cat l,:.
were from a continuous wave beam from a uniformly screw tuner waveguide section is :ser, - -,

lluminated circular aperture antenna. The worst waveguide system between the magnetr,,.' :. -
case, a 54 Yr old man who was exposed continuously her. A positioning cup, consistg a.
for KO sec, showed an electric field strength of lindrical tube with a rounded end, is 7 la '
4'5-581) V/m (corresponding to an equivalent plane the waveguide to optimally posltioo :K, - ,
wave power density of 60-90 mW/cm

2
). immediate ef- within the energy field. Two verst Vs W I

fects were severe chest pain, vertigo, and a heating guide have been extensively tested: a .;R-.
sensation of the chest and head. Rapid onset of re- chamber suitable for either the neoratc m, , rrt
current, severe headaches, insomnia, irritability, (up to 10 g), and a WR-430 chamber f r
and emotional lability were also experienced. Peak adult mouse and small rats (to 5o g',
severity of the subjective complaints occurred 3 mo the entrance hole is positioned at ds,.
after the exposure, coincident with a diagnosis of and 3.69 in from the terminal end ot t',,
arterial hypertension In the range of 160/105 which the WR-430 chambers, respectively.
was controlled with medication. After 1 yr of fol-

low-up, blood pressure readings were normal but psy-
chological problems of varying severity persisted.

A 21-vr-old man sustained Intermittent exposure to
the MW beam over a period of 5 min (total time of ir- 0687 PULSING ELECTROMAGNETIC I.''-
radiation, approx. 75 sec). Immediate effects In- TREATMENT OF NON-UNION .- i -

cl,.ed a heating sensation of the head and chest and (Eng.) Caullay, J. M. (Orthopaet,,,, A i t,
a headache. Irritability, insomnia, headaches, pho- Unit, Royal Infirmary, Glasgow, Sct ,
tophobta, and visual blurring were experienced sub- S. J R CoIl Surg Edicb 27(2):I'2- ,
seqiiently. Hypertension of 140/105 was detected 4 refs).

mo after the incident; it was controlled with medi-
cation. Blood pressure was normal at the 12-mo fol-
lmw-p; emotional lability and insomnia persisted. Four cases of non-union of the tihia ,
No ,rganic basis was discovered for the psychologi- fully with pulsing electromagnet1 -. '
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A : ,v'. "ie - st![tact, is developed to deter- 06h92 "FEFff' (F LW-l\I r -

* 1.- e e te t ," ani externil Iy applied electric I'N Tlieh E YE Os ' A .

!.. .. t,-r-t fion hetween negative charges Munen r, I. ( Dept . Elect(: icI .nwy.- .
. ., t ' . :", in m.ran - and positive Ions I nst. Te rhnolg,,v, ( k 1i',, '

, -- -, i 'o!. 4 , [ i tI , i s u rface. The cell lapari); Ikfdtia, T. "eC - ..
cu A .. a Immovvable hemrisphere with a con- lt52 (4 refs).
ditsrt::tir of charges on the surface. A

.4,' -e,- sIectric field is applied parallel to

the ott, . v - which the hemisphere is affixed. At The biological effects ul 1,,w-I-,-...........

rr itrio,! tt.-r the ppl icat ion of an es.cernal radiation were investigated Ii, r: ... ..

e'rc field tuat is long compared to the relaxa- crayfish (prccambar,s ),
of" - -., the surrounding ions but short compared Inserted Into a waveguid, i. c. , i . . -

t', t',. 'n,. teeed for movement of the charged mole- er oi l mW for m r:i. ' p w-r'

G I'VS ,ittin "Po sUrface, the electric field due to HP Model 8620C sweep oscil ait-r p.r' I i .
cOW o'- ion po ari-at ion can he estimated at any GHz (continuous wave). Electr)des .,e- r -
po!l,,r the cell surface. The electric field was to the the optic nerve from the snv
eva each point on the surface under the guide to measure the sponta:rc-o r

S, ,' -ithat naY- << kT where q is the charge of disturbing the electromagnetc-
u- eir the surface, a is the radius of the neous discharge was recor!,

t
d 'fr "i .-

!s the external electric field, k is Boltz- diation, during I min i rr.,, "t f 1 . - '.e

s: , -- a'* . and T is the absolute temperature, power was turned cff. Al. .
Pi!,-, ' -t elocttic field are given as a function waves and the mean value o' th- l' ,,

,el . s:!rf,ie potentials from 10 to 80 mV, temper- were not significantly chang- -, - e

at r . !1, 3- C, and electrolytes. The solu- distribution or the interval , , - ,

!, ,:- ' electric field due to ion polarization gradually at the beginning of e~xs,,r,

Is-"e'
4
ent of the cell radius for small applied creased and approached pre-trraU, .

tie_!s i-,prox. I V%'cm); if qaP o < kT, it will de- calculated power density at ' 'r,
-v'n,! 'e eoli radius and polar spherical coordi- diated under these condi i,,.

nate. A rer refined model would include distribu- the calculated temperature i-e,.-- . -

ti -s .' discrete charges on the cell surface in- I min of irradiation was 0.1) C. T.:- : . : -

n o a non~intios distribution, allowance for response, which was ,tta!nc at .,-: .i--

t r i'o.t f , surface charges with the field, than Japanese maxiumum perm!sl
.. .

, 
... . . ... .. .

i:3< trf h,lound water. The model presented was not due to a thermal eftect.

,- e l f orce due to couter-ion distribution
p,: ,-a n that could significantly affect the

,-3r; tt art, emhed.ded in the membrane.

0693 MORTALITY FROM LEKYMA " -
POSED TO ELECTRICAIL.A> A - - K

(LETTER TO EDITOR). (Eng ) Mil a.t .a
State Dept. Social and t-i' ':"-:rs .

- '. :.'Y'KEMA :N WORKERS EXPOSED TO ELECTRIC 98504). N Eng I Mod .

AND MAGNETIC FIELDS (LETTER TO EDITOR).

4.. - Wrleht, W. F. (Dept. Family and Preventive

i-irc , !'iv. Southern California Sch. Medicine, When proportionate mortalit-, r,!' -
Aneles, CA 90033); Peters, J. M.; Mack, T. M. expected x 10) standard .. 2 1,:, ::,-

maet',-l ? Pi :1!80-i Si1; 1982 (11 refs). were calculated for 158 caus---tY,,r

occupationaI classes In Wi,' 1 Z
through 1979, leulemla ' :- . . '

.t I ncdence in Los Angeles County from 1972 found to be greater than 7

t! 'I in white males occupationally exposed to old whose occupations re:
lec'r!-a' and magnetic fields was studied following tric or magnetic fields. T. - .. .-. ,

r-r,orts suggesting an increased risk for leukemia from 6
7 

(welders and t!I -, .. -.,-

w-h eposure to electrical and magnetic fields, station operat )r in it, -

7.orc were 35 cases of all leukemias among occupa- sure'! expiqurt, t elect - , -

rtaliv xposei men: the proportional incidence ra- averaged 1 37. h. R w ..I.

t ,,i (P3= ,ohnerved/expected x 100) was 128.6. For tions. For aceti, ,, i -

a,-i'-' Leuk,-mias, the number of cases was 23 and the (streetcar and suhwnv n. : -

PI R 12.. For acute myelogenous leukemias (AML), and radio repairmon) a':! -: --
r-.:.-r of eases was 22, and the PIR 207.1. The oi expected tital atd 7

I Ara ir!! -are that t.-re is a trend toward increased from 1.7 to 37' and Iron ..-.

I, in occupationally exposed males and that the The author states th'at ., t
risk is greatest for AN. AMI in power linemen and occupational exposure t , ,. --- 4

t,.ilphnn I inemen and the cumulative PIRs for all fields has not ment lined cir .-. ,- ... . ,
,',-rrical '-'hi for acute leukemia and AML are sig- these findings; sgges a ca-al :1,t , -to,,

t r eelectric and nagn etic tleits a! :t ,.- ..
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Eio6,0 J, d it t7s )t Non,ornt.-ing Electtooldgn}eic

R ,0 , !983 Curren? Lift ,t'ra re

time of the .) t, MW radiation was assessed by tor coupling with adenylate cyclas.

measorloi the interval between the onset of exposure
and ,he time f,,r EHI. to reach a point corresponding
to (H-'e) of the total change (approx. 63% above
hasel ine' . The response time decreased as a power
function with increasing SAR, from 9 ain at 19 W/kg
to 3.q and 3.4 min at 68 and 194 W/kg, respectively. 0700 LOCAL HYPERTHERNIA Fok TREATY: N
When deep-body temperature was measured in re- CINOMA OF THE PROSTAI: A P'

strained mice during exposure to MW radiation (inci- REPORT. (Eng.) Yerushalmi, A. (Fadia: I

dent power of 1 to 10 W), a direct correlation be- Weizmann Inst. Science, Rehovot 7rlh'C Israel'sr

tween the :ate of increase in deep body temperature vadio, C.; Leib, Z.; Fishelovitz, Y.; ,c'-.,..,

and SAR was ohserved: the temperature increased by Stein. J. A. Prostate 3:623-630; 1982 ( 2 r '.

0.0004 C/see for each W/kg elevation in SAg. The

results suggest that control of FHL in th mouse is

highly sensitive to the rate of heat absorption and After extensive animal experiments, 15 pa It-'' with

support the hypothesis that the mammalian heat-dis- prostatic carcinoma received a total of 1
- 

!rtal-

sipatlne system is highly affected by the rate of meats of local deep microwave hypertherm i

temperature increase (i.e., temperature regulation 2.45 GHz) either alone or in comblnation wl-. ,-

as opposed to thermoregulatton). therapy (6,200 rads) or hormonal therapy I -. '
day). LDMWH was delivered from a probe ii,-rre
to the rectal cavity. Tumors were heated t ; ,- "
while non-invaded tissues were maintalr,! tt i
perature below 32 C. A total of 6 to Q -min

0699 EFFECTS OF ELECTROMAGNETIC STIMULI ON treatments were given at 2-3 day Intervals. Tr -
BONE AND BONE CELLS IN VITRO: INHIBITION meats were well tolerated by all of the ,' ,

OF RESPONSES TO PARATHYROID HORMONE BY LOW-ENERGY subjective and objective improvements were r, t r .

LOW-FREQUENCY FIELDS. (Eng.) Luben, R. A. (Div. in all cases.

Biomedical Sciences and Dept. Biochemistry, Univ.
California, Riverside, CA 92521); Cain, C. D.; Chen,
M. C.-Y.; Rosen, D. M., Adey, W. R. Proc Nati Acad

Sct LISA 79:4180-4184; 1982 (35 refs).

0701 INTERACTION OF MICROWAVE RAPIA'. 'N -.7'H

The effects of clinically useful pulsed electromag- TURKEY SPERM. (Eng.) Hall, C. A. a .

netic fields (PEMF) on cultures of the osteoblast- Environmental Biophysics, Natl. Inst. Envir ,c'.,-t

like mouse cell line MMB-I were studied and the re- Health Sciences, Research Triangle Park, " C

sponses of the cells to hormones that either do or Galvin, M. J.; Thaxton, J. P.; McRee, P.

do not appear to act primarily via plasma membrane Environ Biophys 20(2):145-152; 1982 71? re-

receptors were examined. PEMFs were produced by the
paired square Helmholtz coils of the Bi-Osteogen
clinical field generator. In one configuration, a Mature turkey sperm were exposed in ir

continuous train of single pulses was produced at a GHz continuous wave microwave (MW) radlfi' -

frequency of 72 Hz. The second system consisted of temperature controlled waveguide appara! . 7:

bursts of 4-kliz pulses lasting 5 msec and repeated perature was maintained at 40.0 ± N

at a 15 Hz rate. Both fields generated an electri- suspensions were exposed for 30 min a! c" i.,r7,

cal gradient of 1.0 mV/cm. Exposure to both PEMFs specific absorption rate (SAR) of eltt-,r 1. , ,

inhibited accumulation of cAMP stimulated by pars- 50 mW/g. Samples were stirred during iv o ot-

thyroid hormone (PTH) or osteoclast-activating fac- magnetic stirrers mounted below the, w,, : "

tor (OAF) by decreasing the hormonal effects on eliminate variation in intrasample tem,,,.

adenylate cyclase in the cell membrane. Inhibi- The following parameters were examined ,f " . ,

tion of PHT and OAF responsiveness persisted after after MW exposure: percentage viability, :.tentag.

the cells were removed from the fields. The cata- abnormal sperm, and release of the en1v'n , t t.!-

I vtic activity of adenylate cyclase, as determined dehydrogenase (LDH) and glutamic ox;!," 'rarsnm

by fluoride activation, was not changed by exposing nase (GOT). Removal of the seminal plasma 1oi

cell cultures to either PEMF. The inhibition of feet on spermatocyte viability; thus, !i , 
r,.

cAMP levels was attributed to field effects on cell are from washed spermatocytes only. T,' t !-e,,

surface receptors for the hormones. Neither field perform the experiments and the st f rrl! A I

altered the effects on collagen synthesis of 1,25- samples produced no observed changes 'n .laIty

dihydroxyvltamin D3, a hormone with a cytoplasmic of the sperm or enzyme release. Vtahtllt w. i,

receptor. Another cell surface effect was the or above for all exposed and control g-,, i, ar '

blocking of PTH inhibition of collagen synthesis not significantly affected by In vitro e ,:..res ;4

hv the fields. No significant difference was seen SARs of 1, 10, or 50 mW/g. There were no sngnili-

in the effects of the two PEMFS. These experiments cant differences between treatment groups In the

suhstantiated the hypothesis that field effects are percentage of abnormal sperm. Release of the ert-

mediated through the osteoblast cell membrane by in- plasmic enzymes LDH and GOT was not si nIf 'nt!.v

terferences with hormone-receptor binding or recep- altered by MW radiation.
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Biological Effects of Nonr e., '
Current Literature Raaraiion VMil(1?O Ortis' I,,,

'-h!A' )N of 'iA!.IJNAN! LM'OlvhAilvr.R Lie- CU, Car tlcaI logistic' ; a'-

D2----w ilylP'I, tll Yri A. E n. . ) of stich Ini some measure hag- in it. 1, -

1- i lies listL. Univ. Ealuc,' conrmuniCy ol radio scient ists.. S-a:
ii ~ ~ ~ ~ te 12 . .*intiv uicide the false agreerserrnt o ir I I

Nw-vs2 0:1-Ifrim raIlure to achieve o-mm,u Ic>-
The tart tmal Issues an,- those *A
inert: field streng'th, de,islromr,,
The pitfalls of Interdis pb i.r> .-

or. ' L. tor L:.s l, or miir ig tie loug Is t ic o bu rden i and pr -*bi 1,l m
i-ar -U L;pmrthermnia treatmnent of two or more disciplines. StCr ateg

rii si 1 '-C in raits wets. stuiled. Fii- deserving of study ont a gI ha' lest!
r*r te 1 2 1 te7irA teet iit 27-.>o g Int-

ra-L-e t sI both sexes or.,I tunirr
r'- i~d 1. '-1 l i )-17 da-; alter iinplan-

l iN e rns -re performed ont a total of
* L mf- -mairl s r- ti.14 aes Ltiet IZed b V IPi up C tecI eP 071)4 COHERENT OSC ILLATIOUNS I S fi us.I

u Am , e.t a r titLal1. Tumors -were heated to oS, TENS: 1INTiERAC' 1r)N; W'4 1'' , r. in
i.t oild fr -I mlIn bry a p plI cartin oi Ni a Miu i 11EQUENLY FI1ELDS. ( Eng .) KaIasr , F. 1 . . 7

r tI a i p-iie by a Lil a rmed tsypec 12 S _,O ret ical. Physics, Univ. Stuttgart, ill.-t i: '
ceiirra3"Or . Tun- r temperatures were mini tired with 57 , D-7ulHO Stut tgart 80, W . Ge rmansv i . ha 1!

1-:1 at riczed t he rmocouples and t he power of the gen- i7(5S):175-225; 1982 (27 refs.)
I-a Zr wso, aj u s ted as required! to maintain tumor

Vt.er 0CScostant: to within ').1 C. CoreC temp-
mro i Artori al isiiod pressure, an fd blIood Pri'hlich 's concept o f c ohere itl e r I t-

-Is's t "ie lett carotidj artery were a'..so monitor- length electric vibrations Ini thr ! )I
-i A e hat lung, toumor tiJssuLe niopate s we re r aN- region associated with metastable atit i

i-r, eox v etrat ion s tate which wais deter- high dipole moment in biological me-nhajiI
- 's~anii'r~iI bm sal-irat.ion of sin- the basis for explaining the estraorl's2.rr.......

- ci -wI --:n imvor -irivmssels with sitivlty of certain biological 5sstms.........
- o iurn v!-log i cry )ph.tovr ic metlit- weak elertrornsgnerlc signals. in this no 4

V- i -. r4 ! ion i urld iron ft to 1:: situriot I range collective interactions within t
t m
.er-7

.1 ,'11v-i t -i ti sat .5 ". 11 1 control may lead to oscillatory hi ochentical . ci 1 t .

A. : -nv pmrtlermia, meali siuratlon resulting slow chemical osciliarin i
nfi'1 3 sit .!. ( 11 tumo rs ). Hawever * mean a corresponding electric viniratlon cs 

5
m, i

Umr xygenation d:e reased to 47 and -4 sazt after large dipole moments of reaction-activaitej vit-
anid 4m C. hvpe rrhermla, respecti vely. No changes Thus a macroscopic oscillating polarleatior i I,

-cite ren;'era3turc, blood pressure, *-r iI od gases up, causing large regions to osci I late c-h-r:e::!-
-ore rev:ocied. Lower fbi-i saturatioin valurs at 45 the l10 to 100-H7. region (e.g., E ,il activityv1).
C were at tr ihut-i to ducroased lintriti ye hi-iod flow, remaining (unscreened) polarizat ion causes t J:- <

ta-iic eeds of the tumor tissue such as osxygen ten to exhibit a ferroelectric instability. --
iisuTinon seem to have a mirror effect on the in- nonlinear kinetic equations describing the s~

ter,,tpitIlary libid2 saturation distribution, are discussed. Extremely low frequencv i-

terart with the limit cycle oscillation, wht, -

caused to collapse for certain frequencies a-.:
tensitles of the stimulation. This leads t)~C
set of propagating pulses even f or an esi renT -

- J CrAiFGAND) )fYlt;iNiC iSSUES IS iIIOLOC- stimulation. There is increasing esirerlreii -'
tCAl. Ri:,ESEARCH ON4 MICROWAVES: TOWARD RAP- port for the rather speculative inndt ile iid t

ER)CHE.MEN r BIETWEE-N EAS F AND WESTr. ( Eng. ) Juste- existence of biological ef fect s whet: svsie-T, iv--
sen, it. R. (Dept. Psychiatry, Univ. Kansas Sch . posed to electromagnetic waves. Furtlherm-:- ,
Medicine, Kansas City, Kansas 661013). Radio Science respondence between this model aird riet~-j
1101,S:1-13; 1982 (74 refs). generating models has been estahliuhed.

Mary issues and controversies separate the exper-
iritrI,' rdlohmol-,,gist anit the hygienist from the
goal It attaining a concordant view of biological i)7ii5 QLiANlTUM SI! STATE MIIAHAMI -I>
'terie t, f expoisure to microwaves and othier tad in- I CAL EFFECTS OFlEl-LEOTuItMA:N I
.r I qe! v e I ect rvn>-gnet ic ( RFEM) fi elds . Al t houighr WITH EMPHAS IS 0iM LOClAL 1'3t ;v 7,i-
h. s'rong'est uts if discord Are smaLck by East- Achimowicz, J. (MillI tarv 'sif. Ae ,t - I

er, ni-eser (eng., recommended limits; w ith tIn- Warsaw, Poland). Radir Sc-ience ----

Xpm -ire! -if humanr poplar L Ir(r s t o R FEM (36 ref s).
raly ottlers of magnitude rn-re strin-

e SSN than InI tie U.).) I, there are Aim-
osa4 -ellI -witlmn oar Ionai houniidaries. Quantum solid state mechaisms ut i.- -

-pr it-s are irdresse-d in tnt-es of sm-mao)- fects of nontioniziog oemtr-'rmio-to I t'-
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re..teweJ, arid an hypothesis concerning mechanisms output power ut the ;.qni ....
h,- "-i btological superconductivity is presented. tional to the dose cale r,,.-i .)4

£ rss '.c i a d luantum mechanisms of bioeffects are tes were 1ound to hi., ii

,lpar. 1, stressing the necessity of not only con- the respective insr.t V!,. -
si, c.og qantm ibs. rpr ion, transfer, and conver- The meabured v.loi(,, I
s. :i , t ra,tlatit ener'v in biological systems, but strengths are tahrualtd. I:
A. ,r appropriate systems modeling. There is a to select proper e12:trtsaer t ., .1.

need trr developing quantum models of the biolog- treatments, as they lndikat, wI., .. -

IC sL olid state on the supramolecular level to fill have minimum stray field-.
tht, 4ap hetween molecular and cell biology. The su-
prrilol.cular models of macromolecules and enzyme
,'omplexes are reviewed. The high-temperature super-
corkluctivity problem in oryanic systems is discuss-
ed, wi h stress on the importance of system strut- 0707 ELF MAGNETIC IIEIDS IN E 'Thi. AD
ture and the excitation quasi-particle (phonon and WELDKNG INDUSTRIES. ( Eg. Do. , .
electron) spectra relationship. New mechanisms of (Dept. Biomedical Engine-ri.i, ' A ; it,
enszvatic activity assuming enzyme-substrate coam- 581 85 Linkoping, Swedr, n)1 ; Dt, i. ., ,. " -.

piex electron spectrum instability induced by elec- E. G. Radio Science 17(0S):3:-i -.

tron-and phonon mediated electron-electron interac-
tion are proposed. Since this quantum cooperative

phenomenon is the possible origin of specificity and In order to obtain a realistic n 1 i ,
etticiency ot enzyme action, it is extremely sensi- studies of the bioeffects or , i-:r-, ., . ,," :

tive to system-generated electromagnetic fields, fields present in industrial erlt , , -t
which gives the possibility of enzymatic regulation fields were mapped for a ziomi, rI
and also may explain some nonthermal resonant blo- processes. All of the measurmvr i,
effects. In systems containing superconducting re- at points selected to obtain t ,.

gions, the processes of electron transport depend impressions of the fields to whirt tr' - f- I-
strongly on magnetic and electromagnetic fields exposed. Measurements were carriec ,-t .- : a!,,
which can be the origin of biological effects of of a F W Bell 61OZ gaussmeter or, i
nonionizing radiation. Local sunerconductivity kHz and the dynamic regioo 01 T- ". . -:- r.

coherent electron states) and the Josephson effects 10
4 

G. The industrial measur.-met , -,4, n
are discussed as the possible mechanisms of bioef- the magnetic component of the 1 i.d , r ,, ,
feet, such as the observed sensitivity of small an- studied require high currents en I "wt-
imals to very weak magnetic fields, age is used. Field flux denliti. It -

10 mT at mostly 50 Hz were f A 1:r Z ' !?, ,
tric welding and electric st-et 1 4 , t

the magnetic flux density aid t , : -i

very high (up to 10 kHz) hear 1 7 brs,
0706 MEASUREMENTS OF ELECTRIC AND MAGNETIC and a study which will include el ccrl, :!,I! m,-as-

STRAY FIELDS PRODUCED BY VARIOUS ELEC- urements is planned. In order t, in
TRODES OF 27-MHz DIATHERMY EQUIPMENT. (Eng.) on how low-frequency magnet ic field. a:.' t- " n"
Kalliomaki, P. L. (Inst. Occupational Health, SF- industrial environments, it is imp r, a s 1 te

00290 Helsinki 29, Finland); Hietanen, M.; Kallio- the flux density data measured i 'L he
maki, K.; Koistinen, 0.; Valtonen, E. Radio Sci- laboratory. As understanding ,f ti !iv I c
ence 17(5S):29S-34S; 1982 (5 refs). field influences biological strort,-ro, I ]-

lar level increaes, it will eb , p!,,d ICt
effects at higher levels and t , ,-t 0,1'-.h ,, r-

To investigate the exposure of the physiotherapist liable threshold values.
and to unprescribed tissues, electric and magnetic
stray fields were measured around 3 types of com-
,nercially available diathermy units (3 Siemens Ul-
tratherm W18 units, 3 Curapulse Curamed 418 units,
and I Diapulse D 401 unit) with 4 typical electrodes 0708 POPULATIoN FXPIII.P1: T! 

%  
,O ' ;'f ?"-A-

in 6 routine therapeutic treatments. The subjects CAST RADIATION IN 'il ' " I 5N'rS.
were 2 men and 2 women. Field strengths were deter- (Eng.) Tell, R. A. ((lfic, .t R,.ir.l t1- 'c Ial,
mined at the point of treatment and at 14 locations Electromaget Ic Radiat Ion Ar ] v-is ,n , ,i las

close to the patient's body, and as a function of Vegas, NV 89114); Mantt4ly, I. '. , , .
distance from the electrodes. The radiation dose (5S):39S-47S; 1982 (13 rf,'is.
setting was at position I for continuous wave power
and at positions 5-7 for pulsed power. At a dis-
tance of o.6 m from the diathermy units, the power Nearly II,(l0 inridivido.rl ir-. , : - . ,
density was less than 1o W/m

2
. The results showed tensities were determined at 171 im . ,, ' ns

that the diathermy devices are very similar with Jistributed throughout 12 la tr i -n S ,A!

respect to stray fields, but there are great differ- lanta, Miami, New York, Pti1,J'ladn1 1hi., .i - l' I.
ences between the electrodes during specific treat- Vegas, Washington, San D11eg , , ia-'
ments. When the unit was well tuned, the relative Los Angeles) to estimate, p jr lIi IV..: i -:
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itrtl .r.' r'4F) I.l.i ifli'' 41 "I i it Sin. The cu- A!'

2'~ilve miti , t'itte J_ tties represents 19" ca! '''rvi'rgen''' . 1!,: :
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' in o t'' he I! gi"t' .gri tim listIng tire
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.,', -~~~ 95 u~ 1 res) rsls.

.III tv'x:'errsive ruge.ed implant able electric field

pr 'Ir. with ar n tt rt.'reor',e-tree lead wire system was
cost .ru Lt! ito ml'isore the Induced elctric fields 0t' 1 1 'V A'

In a phantom model model o f main irradi ated by waves 'F I'MA'NS 'sI v

'vasti.rus frequrncies . The probe consisted of aOF A SMALL LOOP' A.N'l EI\A.

s hIrLt dipolIe l a ded wi th a ze ro-Sbinas mIc r owa ve ( MW) (De 1)t. ElIe ct r icalI F' 1 '
t 

'en

d irde , andi t he ilnt erfe reni'e-free le ad wires were Lake City, I:T 84 112 )3
constructed with two series of lumped resistors of 3 H.; Massoud;, 1 114

ki Ur. C'haractenistles of the probe were Checked bv 1982 (23 rilt

mne.,,.rir1 ' tie indiced electric fields Is Irradiated,
k.'l'ctri Illy soall Will t fil with jrhirtit nateri-
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an increase in the average SAR values was generally thermographic imaging device, a Sp-t,,th.r:..
onserved. In spite of the complicated nature of the 900, which was used to obtain the t-..

near fields, the absorption characteristics can be spatial distribution of absorbed .1t r- - !1

explained in terms of the incident radiation. At ergy at three frequencies. At . t dl '1,1
,

all frequencies, excessive heating occurs at the MW source was a tweeper/osci latr (A ,

surface of the spheroid while a limited absorption that was used to drive traveling wav,. t .-

occurs in the central region arouid the major axis. ers (Semidyne); at 1o GHz, a (Gunn C" , I ....

This result is of particular importance in hyper- tral Microwave CMF-420AE) supplied t!- 1, ".,,
thermia, where eftorts are being directed towards ured power levels were 25 W, I.(I W, ar0 .' ,

achieving deep-tissue heating by a coaxial coil car- pectively, at 1.3, 5.95, and 10 IH7 .: .t) r

rying radiofrequency power at about 27 MHz. graphic images show good resolution r alt-
ated pupae; many of the thermogram , 1-i v w

the head, legs, and other features. PI'll'ct d:!-

ferences in electrical properties exist be ' e, tiie
various sections of the insect, part l.ulirl rlt

0712 STUDIES OF MICROWAVE ABSORPTION IN LI- the abdomen and the other two sections. Ihe er,, : -

QUIDS BY OPTICAL HETERODYNE DETECTION OF mographic measurements suggest that m,r iii,, r-.I

THERMALLY INDUCED REFRACTIVE INDEX FLUCTUATIONS. work is needed to properly model the ,.,nc.-

(Eng.) Davis, C. C. (Electrical Engineering Dept., nature of the actual pupa.

Univ. Maryland, College Park, MD 20742); Swicord,

M. L. Radio Science !7(5S):85S-94S; 1982 (6 refs).

A new technique is described for performing micro-

wave (MW) absorption spectroscopy of transparent or 0714 MILLIMETER WAVE IRRADIATI)N AN: ', ';-

translucent media, particularly liquids, which dir- MENT SYSTEM FOR CELL SUSPENSI, N.".

ectly measures the frequency dependence of power ab- Tamburello, C. C. (Inst. Elettrotecnica & Elet~r

sorbed in the sample. In this technique, called ica, 90128 Palermo, Italy); Zantoriin, '. I.

phase fluctuation optical heterodyne spectroscopy, Science 17(5S):I05S-IIOS; 1982 ( re'
the refractive index fluctuation produced in a sam-

ple when its temperature rises as a result of ab-
sorption of MW radiation is measured. This refrac-

tive index fluctuation produces a phase fluctuation The high water content of cell suspenbsin,

in a single-frequency laser beam passing through the is necessary for cell survival, creates 2,r, I n

sample. For a small temperature increase, the mag- problems in the measurement of electric paramt:ers
nitude of the induced phase fluctuation is directly in the millimeter wave band. By feeding ciciroa e

proportional to the temperature increase, and is a energy through the sample holder bottom, it ha,

direct measure of the amount of absorbed power. The been possible to make accurate measurements ot the
phase fluctuation is measured by heterodyning the sample mismatch using a highly sensitive nll ir-

laser beam which traverses the sample with a refer- terferometer. Two measurement systems have been

ence beam derived from the same single-frequency is- developed; the first, which utilizes a to.Ible
ser. Preliminary experiments on water and ethane- klystron in the 65-73 GHz range, allows precisv

diol yield absorption spectra that are consistent measurements at fixed frequencies; the secorid, w ic!'

with those obtained in previous investigations using utilizes two swept impact avalanche transit t-me
conventional techniques. (IMPATT) sources covering the 66-85 GHz range, ,!-

lows rapid parameter measurements over a wide 1:-
quency range but with reduced precision. Re! ,- -

tion characteristics of a cell sedim.nt ,an . - -

curately derived in the 60-90 GHz freqten y ta: .

0713 THERMOGRAPIIC ANALYSIS OF WAVEGUIDE-IR- These results may then be utilized in coo;ir i,:

RADiATED INSECT PUPAE. (Eng.) Olsen, R. with biologists for analyses of correlatitns he ,-,n

C. (Naval Aerospace Medical Res. Lab., Pensacola, electrical and biological effects, in an t it :,,

FL 32508); Hammer, W. C. Radio Science 17(5S):95S- better understand the mechanism of mlrow.vtv lnt,:-
i14S; 1982 (8 refs). action at the cellular level and to hed.t !,t ii

physical model of these phenomena.

A high-resolution thermographic imaging system was

used to study radlofrequency (RF) absorption pat-

terns in the yellow mealworm, Tenebrio molitor L.,

for waveguide irradiation situations. Early-stage

pupae (1-3 days old) of the yellow mealworm without 0715 A MICROWAVE METHOD FOR ESr]"CAI:,.

visible defects were mounted inside a right-angle, LUTE VALUE OF AVERAGE LUNG WAIIR. .

waveguide E bend and irradiated through longltudi- Iskander, M. F. (Dept. Electrical Etigitie. i, tit.

nal slots cut in the broad wall of the E bends. Utah, Salt Lake City, Utah 84112); Ti r,'y,

Use of the E bends was required by the addition of Bragg, D. G.; Ovard, B. H. RadIo Siei ,. i

a closeup lens assembly mounted on the front of the IlIS-IllS; 1982 (21 refs).
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r1' t Vt I re a S Lre ILung wat er Is an) essent Ia I-j L~pAN'Ah', W,
1 1 i t, I c t e ohi I q te f or t he d iagn os i,, tof v i r tu liv t M. HYPF P -i;rP A

L11og Adis ease-;. A microwave ( MW) t raismiss ton (nretrt R ad ial tIon On ,I ,)~, . i-'
m -- 1 !,r calculating the absolute value of t he Ilv Ma rV land rh . 'nref I -Ic
w t cc -'n t et o t he 1 ung has been deve 1oped, sIng Sa ., M. ie A.

'.time ixtal tomography to obtain a transverse P. M. Padio (ic v ,
-- v--~t i-na ima,'e of the thorax showing the Lit- ro-ts).
-'rsi'Io in,! the relative positions of the organs
'i to M, W ipplicators. The elect romagnet ic field
'--m Is then solved nLIMerlcal!V Using the Method Microwave (14W) indured b%,; ti'
-'-oneet The numerical procedure. was evaltiat ed nailly lo~cated tadlIators rtroTl- t cr'

e irreir out det aile,: c aIculIat ins for a human provement in therapy for neopasi ii -
r,5s-sect Ion .and thte cross-sect ion of a (log ' s bra in and other organs whit h art,-
thrax . The transmission coefficient can be di r- body orifices. Coaxi al MW raidio'.

I tv related to the average amount of total water to pass through standart! brt-iL.; I
Ilit it the lung since the mismatch between the scopes have been constructed, p, ir.:

-Wa'' ators and the pat ients' skin Is found to oal control of radiator prsi i,

"-lg.-iinsitive to the changes in the underly- is combined with an antenna (ncr.':

log, Iornoo ;arerr-byma. array of half-wave di poles wh~icb , f- 7r

connected by an ext ernal IIne thait -i

with the radiation pattern, are cor-n-, '

ternal cableP whose outer conduct or i ss !
iy uosed as the radialtong elemrfe .
formed by cross-connecting the ie

A '-:ASS OF NF. MICROWAVE TiiF:RAPFf'TIC Al'- conductor., of the cable at intervc , 7
PLICATIS. (F"g.) Lin, J. C. (Bioengi- in the needle antenna. When tir ait

ring Program, Univ. Illfiois, Chicago, l[, 60168n); in a phantom material with the v ar;, .4,
rrr , .; Ghods, A. Radio Science iJ(5S):119S- mittivity and loss tangent as hono

L: Q42 re~s). Kflz, test resul ts show mpore than

at the radiator is absorbed by' the [,I an* 7,
der to obtain realitstice est imatoo-(s I! *--f
distributions induced by the cL,,sx il

A-s of tv4 dlrect-coritact microwave (MW) 'aPPi
1  

live tissues, steady state in rr ~
eate)rs for hvperthermia and diathermia applications were measured in fel ine esophagus a-,
is described. The applicators consist of three con- heating and cooling times wore s ,.i
centric, circular, cylindrical tubes. The inner cyl- diation was confined to the target
(tnder mray serve as a port for circulating coolant detectable leakage.
to reduce surface temperature, as a port for intro-

ducing ionizing radiation In combination therapy for
cancer, or to Insert a temperature or field sensor
or monitoring purposes. The coaxial waveguides

formed by the inner and middle cylinders and by the 0718 BIOLOCICAL AND BEHAVIORAL FEFIC!K(
middle and outer cylinders can be used to propagate NATAL AND POSTNATAL EXP'OSURETi

TF 1 1 and TE2 1 modes, respectively, for dual-beam, ELECTROMAGNETIC RADIATION IN THE SM'IPS l'
single frequency operation, or may be designed to (Eng.) Kaplan, J. (SRI International -- '
permit two frequencies to propagate with the same CA 94025) ; Poison, P. ; Rehert , C. ;Lito n
TEH -nIod e. The dual-beam 2450 ± 50-M~z applicator Mi. Radio Science l7(5S):I3rS-14'S; "
')as an an overall diameter of 10.4 cm at the output

aperture. The annular regions; formed by the middle

antd outer cylinders are loaded with high-density The effect of chronic microwave (MW r,

polvfoam to give added structural support. Dielec- or below the ANSI-recomrrended rzidtli
tric, loading may be used to maintain a small aper- guide for human exposure on prr-natal
lure diameter and still permit the propagation of development of the squirrel monkey

TFI I and TE 2 1 modes at lower frequencies. The ap- reus) was studied. Pregnant squirrel in-

p1 b=itnr has a measured voltage ;tanding wave ratio were exposed to 2450 M,117 tadlirbor' ;
. I.?S. At the therapeutically effective specific cavity at whole-hod averatt- ti

ibsorpr ion rate of 215 W/kg, the net forward power rates equivalent to those rerol tiir g

re,-,!ir-1 is only 26 W; the maximum leakage at dis- to plane wave irradIation at 0,rri
tari-- s rf 5 cm from the applicator surface in con- W/lrg (R, 5, 6, and 4 monies-s. rc's; *,i

_iact with a fat -muscle phantom is 4 mcm. These births occurred, exposed animalwr
tr r oit compaire t avorabi p with tire best designs signed to groups for which en -iis
a1-1 1 rhIL a-il are srrpe rior to the noncontact applli- terminated or coot i nru-d. In tit

-art'rs cuirrently in clinical usage. Thus the new were treated together with their m, it i
applIcator may he a good candidate for safe and and then alonre for an adri it I $r

,- fi-clirs rine in diathermy and in hyperthermla oceorred 3 hr/day, davs 'w t tr ...r10
I o t-mhnatfon cancer therapy. No dififerenrces were iuuind frtwr-vr ii~
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contri, adult monkeys with respect to the number of 6)72'' h;. 't'!
l ive births produced, or to measures of locomotor i~'~~
activity. maternal care , uri nary catccholamines, VlEW. (Pg. A . .
plIasm. cu rt iso I , phyt ohemagglti n-stlImul at ed re- lIt r I
s onse o t pe r Iphe ral bl Iood lyvmphocyt es , or e lec t ro- p.i

encepha Iograph Ic ( FEC) acttiv it y. Offspring exposed
at 3.4 W/kg both before and after birth had a high
mortality rate (.!/5) before 6' mo of postpartum age. Studies ot H,'
These results suggest that MW~ radiation at power trrmagnetic f I ,1JstI w
densities to 3.4 W/kg might have little direct of- vxpterimvnt. t~stf IT
fect on the monkey fetus when exposures occur in encu of lant hanum 'cit
ut,'ro luring the latter half to two-thirds of preg- lattel chick bralT ea x
nancy bot that continued exposure after birth may trrmagoet ic f tels 4'. r. .:

be harstUl. No differences were found between ex- rebral hemisphurv' -i f
posed and nonexposed offspring in the same blood, Solutions of dlffrerr i l ' ,
urine, and EEC parameters-, growth rate and most as- posedi to a "' yillf1 1i1 1
pects of behavioral development were not altered ulated at l6bH I,
by exposure. In a follow-up study, pregnancy out- 0 .7 , 0. I , at'
come and offspring survival were compared between at ion was ccFl

a group of 31 monkeys irradiated at 2450 MHz begin- efflux was come;

ning in the first trimester of pregnancy and a group bonate, increas-1
of 34 sham-treated controls. After parturition dams bonate, witho)utcat-
and their offspring were treated under the same con- solution rontailnsg lantfii
ditions; then offspring were treated alone through 9 hemisphere was,'ested a.:-
mo of age. The results of the latter study did not brain with left and rt~i-
support those obtained In the initial experiment: no and test sainpies. F f I11

differences were found between irradiated and sham- soltiIon was the ro)nt i
exposed monkeys In the number of abortions, still- log calcium concnt --
births, or livebirths that occurred or in the number solutions. Efflux Inr'o 1 -
of offspring that died, medium served as ref. ril

1lanthanum. The rean. t s .i t r,

previous findings that r'i

tode-modulata-d at brale. w.i.' re->"

calcium efflux from iso>;,,

New observations Include i'
of the response to Variati-

01719 CONSTANT-DOSE MICROWAVE IRRADlIATION OF IN- tion (r') to 4.lh, nm) in '
SECT PUPAE. (Eng.) Olsen, R. G. (Naval hancenrent by additin 1, 1'

Aerospace Medical Res. Lab., Pensacola, FL 32508). hiitlion In the absen-
Radio Science 17(5S):145S-148S; 1982 (4 refs). els. Addition of ~

solution restoed 'i~l

olus decreased cal ium
The effects of a constant total dose of 5.95 GHz mi- that weak c'xtr. 1' Ia
crowave (MW) energy on pupae of the yellow mealworm sting at low ft.q~r 1,
Tenebrio molitor L. were investigated. Pupae were quency modulation on
irradiated in the standing wave of a continuous MW may he transduccd ini
beam. The standing wave configuration produced al- 1st negat is. Iinding''
ternating planes of electric field (E) and magnetic calcium ion.ii -c
field (H) intensities, and the pupae were mounted gen ion hTilg ',
in either the E field or the H field plane. Expo- so far reflol - i
sure duration was 1 .5, 3.0, 6.0, 12, or 24 hr with calcium binding, , tro n,,.r
specific absorption rates (SAR) of 208, 104, 52, 26, teraction based -o long-c

and 13 W/kg, respectively. Irradiations were con- length of a coherently "'t'
ducted both with and without a ventilating fan that The cooperat I c an511". t
limited the rise in chamber temperature to less than in frequency and power wi,- r ,I

4.5 C for all irradiations; without ventilation, the different role for 1,drug.
temperature Increased about I I C at the highest pow- nelI Ing occurr ing he! w -, :r '

er level. Abnormal development as a result of the across the houndarv i.-. '"
M',W exposure was seen only in the high-power, short- charge zones.
duration experiment without chamber ventilation, It
is proposed that a predominately thermal interaction

mechanism operates in abnormal Insect development,
which hypothesis necessarily precludes the exis-
tence of cumulative effects. For this configura- 07) COMPARl SON oF1 " A1il A'''5; c'

tion and frequency, 40 C appears to be the threshold CHARACTFPeI ;lu'' .'r F

for effects. SINI Fg) I'
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f * 'F ,uiri,-r Iec oni N eu ro logy, Wayneitt State Univ., o
r it. '1 -. q2); 1Meltzer, R. J.; Redding, F. V, Hr w,.v, r i

'3 -!i~n te 1 (SS :1i59S-ifl3S; 1982 ( lh retn). icre .' ", -

c ompa red t
in 2 dog' I

T2 r.ini t theory ol microwave (MW) auditory Two patt, r- ,,
- , t wi, ,n mpard with new measurements oht ained the (SF'p1.-ni :

i' '1 ! 1 with preiouslV available measureme, t, . rise w*t, s,-,,,
FtI th!eorv l-.crthey the acoustic waves generated !n staodard do ir
Et. he.kl as tunctions of the size of brain spheres, rise to a Ilr:

arid characteristics of impinging and absorbed MW A prssihle expi o it ,
ererrl.s. Aiesthettzed cats were placed In a ste- 31) mW,/cm

2 
.

r xti c head ho lder using hollow ear bars. During Ing very orear thi

the experim,nts, the animals' body temperature was

maintain-ed between 36 and 39 C. The dorsal aspect

,,f the skull was exposed and insulated stainless
steel electrodes were advanced to various brain stem
iluclei and lixed to the skull. The reference gold 0l723 FEE ' ,F F -
pin electrode was always located near the lowest EXYI5! :.F PAT 1 .' A
part of the right pinna. A small direct contact ap- (Bioelectromagneti( L, 1_1". '

plicat,'r (Flmed 15) was used to deliver short rect- tion Medic I.. , ': , -i ,
a-vgular 2.5-25 usec-wide pulses produced by an Ap- Seattle, WiA Q9 vjS 1
pIled YI cr0wave Lab. MW pulsed signal source (2450 (59): 509s-1 79' 9?

MHl) at a rat' of 10-InO/sec. Peak incident power

ried frrm 0 to I kW. Biolelectric activity ex-

trccted from the vertex and from each depth elec- The heads of
I- Thl was amplified by Grass (RM 122) amplifiers to 915-Mz 'r .

with a band pass of 80 Hz to 10 kHz and sunlated on- (1 ns-
:tic eing a Nucelar Chicago computer of average the threshl,: t r

ral ient. The first 10 msec of the averaged re- sciosflos, 11, m ; .
spise were displayed on the cathode-ray tube and iIran'ic S.',, t, .

a. so photographed. The thermoelastic theory cor- in a regl.: :,,'",,, .
relaed well with experimental measurements regard- I1e.l. 11,- !. I -
ii, the frequency of sound and threshold of sensa- correspl ' - . ,
t i,on, width of impinging MW pulses, independence regardle-', I 1 t
frm MW frequency, and specific absorption rate dis- Based of, th!i

, 
' ,

trlit irn. to a chan.ge I .

brain te',-r.,*. ;T,

el) or a pea ;'. c''

Rats exposed tI L' . .

sponding t, - v " •

'/22 THE EFFECT OF MICROWAVE RADIATION (1.0 appeared t,- S, nr
Gli.') ON TilE BLOOD-BRAIN BARRIER IN DOGS. to pulses wlth oIi.

(Fng.) Chang. B. K. (Div. Hematology & Oncology, generally displa': il "

lnept. Medicine, Electrical Engineering & Neuro- lasting for I m ,r i' i
surgerv, Duke Univ. Medical Center, Durham, NC rin of ulconsciousne '.

2lll ; Huang, A. T.; Joines, W. T.; Kramer, R. S. els crrsp,-edl,:g
Ridio Scierce 17(9S):165S-168S; 1982 (10 refs). the thr,,shol, iI r'

stunned, but lt-l.*i : ' -

The prol ,,f
The Integrity of the blood-brain barrier (EBB) was with e amnurt ,i 'x; r,
evatuated in dogs following exposure to continuous )I,, leve . T,,' tlpt ':

way,' micriwave (KW) radiation at I.0-CHz (20 min at to the basel il Inc, '-"
powe r densities ranging from 2 to 200 mW/cm

2
). The rats began to m, %,i

MW sour-- was an AlL 125 generator. A Plexiglas ap- within I C ''t t:, it

parattis for suspension of a double-ridged waveguide I cal .xa vii I.
horn antenna was used to deliver near-field MW radt- the rats: ,
ation dIrectly onto the top of the head of anesthe- pulses (S- 'w t3''
ticed Il-2') kg mongrel dogs. Control (11) and ex- to I,-k4W 1.1 -c
p- et (1) dogs were injected with 25-30 uCl/kg of level). Ma,--,"•
) '. TI a bumIn as a tracer. Cannulation of the cls- dlre: Ierllce um,.,,
r,rria ragni a rd the femoral vein permitted simulta- (10 kW ,at I,), .....
'i-'-r, -ampl ilg of cerebrospinal fluid (CSF) and at Ion indic.,', r
pla.'a every o1 min for 5 hr. Measurement of the and micro,i : ,,
I,d'plisma lstrlbuItln ratio of 1311 revealed no to hmvelina I
--t!- t ,, t,' BBB at power densities of 2, 4, i , hral cot '. -

if
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pattological findings In 2 exposed rats I mo after A.; Han, L.-F. Radio Science
exposurv were that the brains appeared swollen and I9 refs).
nti,-rotocal gl ial nodules were present in the brain.

The effects of exposure t- , .1 -"

pulsed microwave (MW) field , ,,
Investigated and compared t. 1 N- ,

"4 INTERA(TION OF AMBIENr TEMPERATURE AND (3 mo old; 9 male, 9 femal. ). A''i1' .

MICROWAVE POWER DENSITY ON SCHEIL.E-CON- in Plexiglas cages and expL-.- i : I:.
TrROl.I. E BEHAVIOR IN THE RAT. (Eng.) Cage, M. I. anechoic chambers to CW, p ls. , r ,r.

(Neurotoxicolgy piV., MD-74B, Health Effects Res. plane wave fields for 2 hr/dav, a:

Lab., EPA, Research Triangle Park, NC 27711); Cuyer, days. An S band standard-ga'n -rn w.- ,,,

W. M. Radio Science 17(5S):179S-184S; 1982 (15 above the animal. Because cf the Iimlt ,-

ref erage power output ( 10 kW peak low-r , '

generator (Applied MW Lab. PH40K), MaxiumU':. '."r, 1',
power density at the animal !rcat , i .- I --

The interactive effocts of microwave (MW) power den- cm
2
. To maximize the animal exposure, ra0:- t

sity and temperature on behavioral changes measured exposed singly to 1.5 mW/cm
2 

poied I .,

ilmmediatelv after termination of exposure were in- width, 10 usec; repetition rat.,

vestigated in 6. adult male Long-Evans rats trained The same average power density was,.seU , .

to insert their heads into a food cup to obtain a 45 posure. Sagittal specific ahsorpri- !.,

mg fo.d pellet on a 1-min variable-interval schedule patterns were obtained thermographicall' '

of reinforcement. Exposure to 2450 MHz continuous sagittal SAR for 1.5-mW/cm
2 

incide!,t I,. d,

wave MW energy took place in an anechoic chamber un- was 2.1 W/kg in a rabbit's back and I., ;

dor far field conditions; relative humidity was 50% head region. Carbon loaded Teflon wires w,.,.,

during all exposures, and air velocity was 0.07 m3/ for the electroencephalogram (El.) rcoto. , .

sec. "wo groups of 4 rats each were exposed for the control for possible effect ot clrcad ,,; r-,

I'.9 hr period from 1630 to 0800 hr under one of the the schedule of exposure for each gr t,,-

following combinations of power density and air tem- mals was rotated. No significant ditrt''e ,

perature: R or 14 mW/cm
2 

at 22 C; 0, 8, or 14 mW/cm
2  

observed between the exposed and ,-hai rAt'

at 2F, C; or 14 mW/cm
2 

at 3n C. Before MW exposure, body wt (measured every other day); FE.,
I daily behavioral testing sessions followed a sham potentials (recorded I/wk); hlood tests

exposure at 22 C to acclimate the rats to the hous- ical, chemical, and morphological stud s, '

Ing conditions during exposure. The last sham ex- or cataract examination before and atter th, T

posure also served as the 0 mW/cm
2 

at 22 C exposure. exposure. At the end of the 3-mo period, : 1

The night following exposure, each group was given a rabbits were injected with vari,)us dos,ives I!,

sham exposure at the ambient temperature of the pre- mg/kg) of apomorphine to study drug i ,

sious night. Rectal temperature was measured in I thermia and behavioral hyperactivit.

rat of each group before and after each MW or sham (I exposed to CW, 3 pulse-exposed, and

exposure. Behavioral testing occurred approximate- posed) animals died during the experiment

ly 10 min after termination of exposure. MW irra- that the animals were very sensitive ti, o- i

diation was found to reduce rates of responding in phine (normal young rabbits can tolerate ,

direct proportion to the power density at each am- kg dosage). The remaining rabbits 0. , ,

blent temperature. This decrease of rate was most to CW or sham-exposed, 3 puls-cxpIs,,J .,

pronounced after exposures at 30 C. During sessions ficed and detailed histopathologic .il -s i

I jay after MW exposure many rats showed behavioral were carried out. No consistent , sic, i

wvercompensation as response rates exceeded those ferences in tissue damage were -e-n
measured the day before irradiation. When response pathological study.

duration was measured, Increases in response dura-

tion were seen after exposures at 14 mW/cm
2 

and 26
r and after exposure at both 8 and 14 mW/cm

2 
when

tie temperature was 30 C. There were no significant

Increases In response duration after any exposures 0726 THE RESPONSE OiF MOr'sc -',. -

at 22 C. The results indicate that the intensity of MICROWAVE HEATIN(; .A!...
MW Irradiation and ambient temperature interact to Robinson, J. E. (Div. Radiatin T'.,r.,v ,

Increase decrements In rates of behavioral respond- land Sch. Medicine, Baltimore, mr .''I I

log measured at the termination of irradiation. Y.; Harrison, C. H.; Samair.,,, L 4j

(SS):195S-199S; IQ82 (8 re,, .

The response of mammary cart' in. - ! I,''n'

725 EFFECTS OF CONTINIUOtTS AND PULSED CHRONIC the flanks of female C111 mi, t,' in,,

MICROWAVE EXPOSURE ON RABBITS. (Eng.) duced hyperthermia was studied '1.'i
Chou,¢ C.-K. (Bioelectromagnetics Res. Lab., Dept. ter bath heating. Tumor regrowtU i i ,., .
pehahilitatIon Medicine, Univ. Washington Sch. Med- time for the treated tumors to, r,,s -' t.

vicne, Seattle. WA 981 5); Guy, A. W.; McDougall, J. a vol twice that at the tme , t !t,:'

29
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, rt t r.. .,. .! t ir .s ;: to t i ,it ,tt , ic ss rate of 73 7i . ih._. - !: , .-
r . minimize the size dnd shal e dtpe-J.' C tf ic f diticul t In immobilization with a n t.::, " I

C'. Hz MW eat i ! , the tom,r, wtre iMn ersied in I mm or more, and a case with a f ix. i 1 -•
I t I 15510' 1 A i "sici h" '>. 7w i'i~ iii, h,,- 11 t h" gap , poss il y cani Ing !srI

, nt e Used : ,A s k m o iii Ie Aid a t 'i P rat lroe ,Idui .....1 field or th- .- i,p.l i , i
"r. l!ed i iqIld bolus maJe up ot e'thanol hi

- , saIlt -. In ardr to redhee vierg v -, posI-
2, r od[ent., two pi ral el ,ppsed m',; i[; icators

Lt t,[r !ca Iy loa d ti su'p r t a s in:'ki t ed trans-
ot- e ectromagnet in wack we re cu'nr izvd alter- 17-8 MODEL FOR THE GROWTH OF BA"

t'lv at a rat e which was fast in r.opir ison to FLFCTROMAGNFTIC RADIATION. 'H
of t tumor cooline. Duriog heating hii lie gel, C. (Sect. d'Electromagnetisme & (Ip.

', temperature was mntri toted immed latel 1A,-e :1 Dept. Genie Electrique , Kcole Plyt o: ., , B
C,, , i not i nsi de the tumor. Target terp;.-ratures 6079, station A"", Montrea , , . ,

.e 2 4 3 and 44 C, together witH, ,n am- ada); hosiIo, R. G. Speculations Go T-.-
!er temperature control. During heat ing In the 15-22; 1982 (10 refs).
i jriid holis, tumor temperatures were mnintored for

.. of six animals per data point. Target tempera-

t,,rs were -.2, 43 and 44 C; thermal c ',-r,its were A multi-resonant interaction (MRI) oi-le i. r
MW heateAi to '.5 C. The liquid bolus ws kept at ed for the growth of cells In the prese , ,,

below target temperature for the tumors and tromagnetic (EM) radiation. The cell ztt
ient ei-W pow r sed to elevate tumor tempera of Escherichia coll predicted by the MR: m i ,

re to a level equal to or it) exces of tt- target good agreement with experimental data btar r
*T -. erature. Data from tumors treated tO Arh ge0 1969 on the growth of E. coli subjected t, r rIi

vield-d lower regrowth slopes and higher i n- tion of variable frequency in the mtil .
"'ccepts (Creater regrowth times) th.an thise of the lengths. The MRI phenomenon is probablv ,- !

itr,?l and the water bath-heated tumors. rt,is may difference in the dielectric properties -, tt,
,, to nonurnt!orm heating by MW energy with some colony and the adjacent medium. The h'ypo,
. tract ion of the tumor vol ahout I C below the ceives that the retardation or stimilati, : .

triter temperature-. Regrowth curves that w te con- lar growth Is directly linked to the p -
,:stent with hoCogeneous heatine wre obtained for quency of low power EM waves. An electr(- a' .ii

.,0T rs h,.tal i n liquid bolus. gropes were stcepel resonance phenomenon may he the irtera,' I ,
t-a, for the secmislid holus ani tiere was little or which defines a given length (,I cellua A

i rlcatio Ii the blphasic nature o th,. response a given stage of development. According t,) 7.
,:ryes seen after heating in the geIl. A plot of del, It should be possible to stimulate r r tar!

thermal sensitivity vs. temperature suggested that cell growth by suitably programming the Ev ri h'-
1 1 ntarts of the tumor were at or si Igt tIy above periods regardless of the chosen operatIng q--,

. l tC.rget temperature. Thus, any' dilterence in point.
'ie effect of MW and water bath heatIng ,i the re-
,growth ttme ot the tumors studIed in this experiment

was very small. Regrowth time of tumors wiLth ther-
mal probes left in place during the treatment was
-tgnuitcantlv greater than that of tumors in which 0729 EFFECT OF MICROWAVE HEATING ON THF RA.'A-

probe was present during MW irradiation. TION RESPONSE OF RHABDOMYOSARC(MA. : '.-

Zywietz, F. (Inst. Biophysics 6 Radiohiologv, :
Hamburg, D-2000 Hamburg, W. Germany). Strai'u-,

apie 158(4):255-257; 1982 (12 rtes).

" RiAi'iFNT ')F NON-UNION OF FRACTURES BY
St C EI.FCTRO-MACNSTIC FIF! DS. (Eng.) The response of rat rhabdomyosatcoma F114 P ''

1h, i s . . Royal Hospital, Chesterfiel i Env,- doses of X-rays (15 and 3) Gras) aipl i
I.. . *,i,,.gr p v 0'(Sfi)':2

5
- 21 ; S reIs) • in combination with hyperthermia (',13 0 1

2450( Mliz microwave (MW) radiation wa,
Heat was delivered to the 2.3 cm' tutr 1 .

Fe ilts of treament of non-uniting fractures with contact applicator 4.0 cm in lameti. !-,
t, FlectroBlology International Bi-Osteig e System of the tumors was performed 20 min after x-it t

,,it are reported. The unit consists of a 250( tion In 3 steps: (1) the tumors were

r i n,-opnvrated, quasi-square wave generatir power- min with the Radarmed I 2T2u02 gee, r i r r: -
,, " ,-shaped treatment coil and A plastic posi- output power of 25 W, which led to a t, :

" nfo i blo, which Is centered over tb, fracture tire rise; (2) the prwer was ted -, to '

* '.. l attaci-ed to ti e est rnal urftao,- . t a plas- min; and (3) by applying 7 to Q W, t , , !
ot , -ri rast moited to the c , i s ,i t th, tempetature of 43. It ).3 C was -"a t:

I rr The procedure for prescri hing t Ie s's tenm Is temperature of the rat did n-t ex._
Il d. if 52 patients treated during the perild treatment. Heating the tumirs at-.

;- fractures were pr,)vd to he ridiogr.i- growth delay that Increased linearly w"

01feal lv and c'lirically united, represent i: a suic- time, up to 12D min. Hnwe ,,r. the a , i ,



31wi.As toleratre 2-hr tre Itments. Rlft tumo)rs showed sot ilu 1 d

.nl,.n:ed vui,,me regress iiO a n,. t unl r g ruw t h delay 1 onr ' ,

a Ite r comb ined t r eaitment as compa red to i rrad iat ion Ig 1 ml . -

lore. Atetr a single dose of 15 Crav, postirradia- l1e1\'-I.15I

,i ,rt h~pertnenn1.1 treatments fcr 30 and n
t
o min led t o I \oma i' 'I~

to I hermal enhalicement rAL tc (TER) values of I .3 and ca Iu l~ I, .

n , * inspec t 1 vui v. At ter a dose or 3) Gray combi ned ,n-ec a re': I L4

oii r o> I mn of hype rt hermi a, TER val ues were

07 32 l1 l '_1,FI CF j '''- 'I
MEc t. ';jJ

"3 MI"DELIAiNG OF THE PERTIIRBATII)N IN'DUCEII BY (Arbeir Igrui~pe '-h' :I

1o-FREQUENCY ELE CT KOMAGNET I C F I ERIP S ON K rn! r.sc t, v117

RVt MFMBRANE RFCEPTORS )IF ST1yII'LATEJI W~MAN LY MPHD0 IlSI llIc

CiTE S MYE 7 NG PAPER) (Eng .) Chiabrera, A. (Elec- C. Studia bip

triral Enlgineeri ng Dept. Cci v. Genoa , Viale Cdusa

1 3, 1- 161 45 Genola, Italy) ; Crattarola, M.; Viviani,

R. ;Braccirli , C. Studia Biophvsica 90: 77-78; 1982 Thle u.se of e'or:

tI ref), cel Is -,s d-. ri n'

is ictite ved h%' div e t ,p'

a(, ic eld reb ul t i:g in-t
ec , rs are known to induce the in vitro reactiva- ch'in'. ut)l 1.' -

tion of human lymphocytes by acting as ligands of of er-hIsa

membrane receptors. Since most of the molecules in- To initiate ',!11 ;

valved are electrically charged , an ef fect on the te ise esrtab Ilishled.

parameters of thte process due to electromagnetic for a very sh'it ,i

(EM) pe rtur bat ion can be alit ic Ipat ed . Two diEffer- t he breakdown 'Il

e nt ial non-inear eq ua tions are proposed as a modelI e lec trophoretl r'c lechl 1 3 r sI.

of the interactions between receptors and lectins and I MHz. Revvrsibtle 2t.'

which give the time evolut ions of the concent rations zone of membrane.','Intac ! I I- it;z k

of couples of receptors (encounters) and complexes, sponlsible for the initicitl''. -

respect ively. Computer simulations of the time evo- breakdowni is achieved h, t;O. 1:"" II

lot ions of receptors and complexes do not agree with pulse of short dur.it11,, An' I I

experimental results and do not take into account (0.5 to 7 k~lvi). r.d0<

thle time spent by receptors together. Therefore, a be generated3 inl th, cI ne li "''

g~in funct ion is introduced which is the ratio be- is iorined b'stwe'II tI w

tween the fraction of couples that, in the presence transport can) tLA' C I

of lect ins, remain together longer than a given time Served betWh' 'ell, WI*r 1

and the sane expression in the absence of lectinls. field pulsie I ,t

lI pri nciple , sinusoidal pe rturbations willI always fi el d s trengt n is I
inhibit the process by' lowering the value of the critical lield streucl 1'II .'1-11

gain factor. This concept is in qualitative agree- doWTI inl tile me!,' "i t,,

rent with available experimental data. All lbe usedj !' , ,!'

017 3i1 MOLECULAR B ILG I CAL IMPLICATIONS OF I3 I MODIE:;l' '0F '' I

ELECTR IC- FI FLD EFFECTS ( MEEKT ING P A P ER) j1.11-FI. KNI

ug .) Berg, H. (Central Inst. Microbiology and THlE MNRANEREi"'R514

Experimental Therapy, Dept. Biophysical Chemistry, CYTES . I . I NFIi N\l' '1 , 'I

Acad . Sc iences CUR , Beut enbe rgstin as se 1 1, DDR-b900 FREE: E NRGY. (lug r I r I'

Jena, E. Germany) Studia Biop~hysica 90: 169-1761; trotevica, 'l

1qA2 (34 ref s). Genoa, It a)

rht* Ilt e rayt ton s between hi cpo I yme rts and hio Ilog icalI

men-hranes and electric fields produced by high sin- An It t,-np js

gl, pulses with different electrodes or pulsed t,lec- onstrl1I'.i tll~

tr,,magnptic tields are reviewed. Single pulses can ,Il,-tr *nac'Ier' 13"'

ortent hiopvllymers and their comsplexes in solut ion, reol ivatl.l Ii ku1111 1

in-rease the permeability of membranes and disruplt re al Ii ate fm!''I -1, 1

cell wal Is., ard) fuse animal cellIs and protoplas;ts. t.ps I~ '-II',

in rontr isr to the single pu~lse telcbitlul, 1l1w 1111- 01 tle C. '01''
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i-,.a O , ,'-,(enor, Italy); Orattaril , it.; Vi-. . -
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S. i, ( .r ,IsI. I ' -at~~~. hr A,'a ... -,1 C .: S : )h,

r.- r d e ctie interaction of e uirnn ii: sttim,{xt_ tr a' .

exH e ,rt. a I le ntin-indtcei reactivation (, i- sln ~le x;,
n tt 'sytes in vitro, a reactivation gain futc .i z .I

in is introduced which is the ratio between the :-r 10 l . T; r -

raction t. receptors that remain together longer s J - , ,

-I,' a gl tn, t ilme in the presence of lectins (en- a Irej., !1, - .

r>l! d rid :ai reates), and the same expressi)n ta I t t

i t the absnce ot Ieti ns (encounters alore). Soon i pe -- i - i t a-
n i[t , ial: takes into the account the clusterin,, r I I

ife-times or l-nphocyte surface receptors and a- r,-:

a a lire appropriate measure of reactivation et- meters ii. cr, .:,!

S, eness. The intrroduct ion of an electrical per- ter Oito' 1 1, e ti-n

: ti n !ecrcases the value of G, thus inhihitinl n,,
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. :,: . . T, implantation exposure gr,-

,.t I W ir- by preimplantatioi exp-sir.. "
I h ml ui. or resorbed feftises was il'i, -'

...'. it w.- r, rats exposed on daiys 7 ,,r 'I.

-. .• • . st appeared to be is-d y i :", '

c .t. nt the treated dams. A nio,!,r

.." '' it, fic, and medical devict.s 1,,-t i, .

S . . . •t MHz can cause hyperth.riia iA ':" ,
suilts suggest that wumin ,f ! ,

rI! irdt ,1t avoid exposure to RF-radiat, ' .

t e i rradi- current US occupational standards.

Z- .'" *i1i'" i A re of that maximum permissihle expciirc , , - :

" ,'t C! .5 tc nol- nant workers in Czechoslovafia i!t.- '-

•" the from 2 to 50 V/m, much h,"1 t .W

-t ion of 200 V/m.

'- ver Were

-in

-- . .. t w th t rarv with

S1-c ir" appear- 0739 LOCAL MICROWAVE H'YPEn. S.u. .

e 1 d quail, THERAPY. PRELIMINARY .f
t. I, ween irra- Valdagni, R. (Centro Oncologico, .. .

-rC, - logIcal 38100 Trento, Italy); Amichett4, .::

I :id ins sug- C. Tumori 68(3):247-251; 1912 (23 r -
- : r - th e en-

A3 ? no effect

Microwave (MW) hyperthermia ,as ."
with radiotherapy (15 patient )

patient) to treat 19 hiscol

perficially seated malignanc if-
noma, 4 melanoma, I adenocarcinIMa, . .

-5 ': tt't-i' F c .,.-II RADIO- refractory to other therapeutic s-,
- - .

- '.. 1AI 'N l\ RAI<. (Eng.) patients (5 females and II mal s
.. . "t A cs K::c i r, Bto'.h, NIOSH, average age, 65 yr) 15 had a Kari '.

. 1,, . ;.: Foley, F. Local MW hyperthermia to a prest'!e" , ' '
7 .' :A 99-309; 1912 ature (42.5, 43, 43.5, and . C) Wil I

for 20-55 min by a BSD-lInnn-- mp, -"

perthermia unit operating at frecu,,-:-

MHz. Thermometry was perfr.-ni
wi- re; - - to hyper- probes placed on the skin and ir, -

cv (FF) ra- serted catheters. After rad,' ,t,
- ' ,r !,'-f. ' d , brvolethail hyperthermia (< 20 min), a comp --

.. ts v , - ,'i ssr,' •.h levels of RF served in 9/18 treatment ields '

rA't ,'r, :'.3rrtwI separately in partial response > 501 In 5 and-

,.,--l i-Sin V t r the domi- tient was not evaluable. Tu, i i,, -
--t -it

.  
wI'' h tit[ ous wave con- ally began about 2 wk aft r l!, ! i.

1t 7ic :,.r 'ire ,f 23 t 2 C. No tumor progression was cbscrv, , 1

-:'n .'rit, , 'a " - o . to '8 pregnant therapy or in mo I of follow- op

ra.irs '2" sxs 3 n a nine" fieId strength of fects directly attributable to 1c' r'.

1 . " f i reict' of rio Vim on skin burns in 147 treatment se-s,

. -.
1
avs 1 . 1 , 13, or 15. The patient receiving chemother iv 3 -

ri- vo' irraItat t in tmerature of 43 ter hyperthermia exhibited nt -r 's-,,

' for A ', t . tine ,riod; the aver-

," rr tl.at lop rid w-is min-3 ri. The specific
i.r' r'' r "t r f-i rrad ated animals aver-

-Ir, " !. -
1 

g. EiShm matching control
-. :- SrriS m',.' S 'r 0 ,n (their colon- 0740 STUDY OF THE FFF " "1) F ''P I t

'". ,i'',r,' r-, in, ' l n (,: .) 5" doring the NETIC WAVES ON TIlT FS ! '

- . r' ' ri'n it' "l t ;,11 1 ., h 55, and an Un- LIMB. (Eng.) Mollan, P. A. F.

- r ' pref_ c, t rats was left in the Surgery, Ouleen's Univ., Bel:it, ,"

I i-I -I r, r tt t u ,,- i ihoit their ges tation. RF ex- Allen, J. D.; O tt, .1. F.: c'(ir.': 5. '

o,,'mr,- -1' -,! , ign iI cant inc Idence of fetal m al- 51(1):67-70; 1982 (13 ret s .

'- 'i. i throip7hmt lh, ist implantatIon period

;s IT al I caild a low hut significant
S, i .r.irv tilli mea

5
! 'rival ins. Fetal Pulsed electromagnetic C v>'E ''0,1 p-

S , '- wt', . r,,':cl0 -r Jin the post- the calf of eight healthy -
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Current Literature Rad'anon V"": C the' r9b)

,: [ ',,.: ,'<, !, r te, =: '[at:: i. ',i)', , . l'NX ICAI. AS) E , .-OP> SI 2 :..

"! ,- al rrv .1. 'ItR.MIA I'?'.' .' -<: rY , -r .: .,
,. H, ' r r .) In-. M.. C, , k> )W A '* E S . E ,' , .

" 
ks , r , F .

>,'-, ',.vr ' " e n , w tith j r, pet it ti - t ', . s Sa l a e ii t, I , 2 .n ' r, s ! 1 n
.> Ire . tte ep.trate signal gt'et , rs wie Hype rtier'm ia. Nussba m, . e.,

r, : a I, l ch 1W', mag :- of physics: New York); Americn .Ass, . ?r '
d 1: St 1 f c,' s wired In sert ,t n Medicine, Medical Ph', fics '11 v'r,' ' : -

It , r d betwten thu ',I ,s was l.YS n' i'il (22 ref).
I , : e xt 'rlme r , t! ' cu Il s we r- r Ipp i ed ' o

" i ,t Jt.' , arJ right and left calf IIond flo;w
11I . ' s 0 5c5l)8l plethys ographiv. The noninvasive production of hVpt-It,,-r a r::

res of tour eXperiments, cer therapy by electromagnetic %1.) ta-,i.>'
a e t - ra >ed in a water-filled pleth'srn'grah described. The basic aspect s or O ti r; r
T ' ;,, ' nate ar'd the EN filed was app]id tissue are reviewed, with em; hais or . ti
I It .I it the level at which bood flow was be- decribe the propagation of FM wives ad l ri,.
* . I- : al eight experiments, calf hod isms involved in their interacri : .

-,' )r It! t,,r a l-mtn control peri od hefare such as tissue. The interact ion cA_' ,-t

5W~t.'r ou hair fOr I-Mt -r fo,!s tissue produces two basic types of tf
T ls a iert on for V 20, ad 1 reflected in the dielectric behavior,

'- : v Io r I miI, after they were switched oft. the drift and oscillation ot free C
z differenc was detected hetwvn right other the polarization both through

call lood flow in either series of exper- of the already existing electric dipolIs '- t -

These findings suggest that the rott ed duction of new ones. The frndam .t a1 ci r .
- ani- "tct of electrical stimulation on bone between heating mechanisms in sh:'rt-w. •

c hv variations in blood flaw to tIe ton current type) and microwave rn

' , 'd' diathermy are discussed. Examples I
tical systems are used to illustrate ac , ,-
a n d l i m i t a t i o n s o f b o t h r o e d- r . ! r -

fecting the optimum frequ-n,'y range !r r ,

diathermy are discussed. It and ':It .
cat ions in hyperthletrm a are & rm

El 'C"TROMACNTIC AND ACOUSTIC PR(PPERTI tS
OF TISSUES. (Eng.) Surdette, F. r. (Sm-

':;'Ial Ras. Div., Engineering Experiment Station,
ca Inst. Technology, Atlanta, CA 30332). In: 0743 POWER DEPOSITION WITH MIE,

i ,il Aspects of Hvperthermia. Nussbaum, G. F. Paglione, R. W. (rR (-A'a. - r ,
.r rican inst. of Physics: New York); Ameri- NJ 08540). In: Physical A pecs , i rt i,

in Assoc. of Physicists in Medicine. Medical Phys- N1 uSpSbeos H ., ed.. n 5 i c 1s , i I.
N (sbum AI. H., ed (reca: r

Mo)nograph 5:105-150; 1982 (87 refs). New York); American Assoc. of Phvsmi,* ' ,

cine, Medical Physics Monogral 2 ,

(10 refs).

,7tr neeficial applications of electromagnetic (EM)
!ultrasonic energy, an accurate knowledge of tis- A short review of the dielectric and t erral r,-
, oi/:cotric and acoustic properties is essential. perties of tissues is presented. T, sucess,

r i e discussion of the basic principles under) v- hyperthermic treatment for cancer appears t,, 'a-
:a 1 and ultrasonic absorption and dispersion In lated to the ability to deliver -I torn he t to -,,

Is;- I presented, tissue property measurement cific volumes of tissues and to naar aii tie 'pt i:r
alIies are reviewed, and results of dieIectrIc temperature for the required perlos at ir nt,. -I,
i ,,' ,I tlc tissue property investigations are de- deptI to which radlofrequencV waves kan' ten t: ,II

r -r -d. A brief description of in situ tissue into tissues and produce heating Is pimrrlmt I% ,

j''rty measurement techniques is given and in sItu function of the dielelectric properties or tt.,, tis-
ries if living normal and tumor tissues are sues and of the frequency. The desl-,!s a>. elsea A
"te.d. Substantial differences have he,(.n fond waveguide, printed-circuit antenra., and c -isl x i ,
n the clectric properties of tutmors and nor- plicators at microwave nd raI' t reqar,, s

1: ts-r;s. Accurate dielectric or acoustic described and illustrated.
s information that reflects in vivo char.ic-
as Is necessary for successful application

ultrasonic diagnostic and treatment tech-
a I, modicine and for accurately determining
r r in tissues. The capability for accurate
in-s r,,ur:me.is of tissue dieltctric and aci's- 0744 CLINICAl. H'PERTHFRM IA wjr)i ,
'p err lPs anuild be used in dosimetry det'rm ina- (Eng.) nleson, 1. R. Till , V.- i "
'' l In treatment p1Iinning for canc.r pat Ic ts Oicology, Arizona Health Se1enc ,! 0r't I

FM or ultrasonic-irdic,'d hyperthrM . A:" 85724); Cetas, T. C. Is: 'I,

14



: _-:ErieCr s . 1 cnCn zing Eiectrornagoet~c
"; p .L(!(-I Clk:'coc , 983 Curror ,

\ri" Vsbaun, C. H., ed. (American thc foturn. I
P. -P('soic: New Yoirk); American Assoc. of a t 1-a St 4' r

r os i n 4 e d ic In e, Medic alI Pby s ic s Mo n o gra ph T'XiC It v illfr I.11

i, ~ )5 re f . at t ent I .. mus!

frrtor facv
oh-icrvat 4 on kit d'

Yeliisms ot inter iction between radiofrequency visceral ,, si- s o ''

coll Iat ion and biological tissue are reviewed lic.2 i7nd to 0 ii

RFreds are coupled to biological mat-
-ityer In a capacitive mode in which RE current

f, o 1frm one electrode to another through through
I *e Interposed between electrodes, or in an in-
1 - tine t11de in. which current flow results in tissue f 74hi ('1 CL'

p 4wi thin, an al te rnat ing RF magnet ic f ield . Fx- (Fig .
'1: are prese nt ed Illustrating each of these Lake City, I" PA' 1 )

innsO f RF heating as used for clinical hyperther- pertlermia. .1; ls h a T'.,
mia. Phantom' Are used to illusrrate power deposi- of Physics: New York); mr

n p-3atterns In heterogenous materials. Tempera- in- Medicine , MIedical Pt~s
r- istrilut Ions observed in clinical situations 19F2 (hl rnf.s).

'Irt '!Ia irarivelY compared to these power density

d;;tributiots. Work is in progress in the labora-
ti--c and clinical evaluation of newer techniques Instrumentat!in recui .i' '

Lliing tntgnetic Induction. These Include the fol- crw-ave (MW) indcci V
liuwio g: I) A coaxial pair of coils (Helmholtz pair) hypnrttertia -qip-c 11'
for heating by magnetic induction. Careful post- c irculIa tor o r Sc 7t

tf)icg of the coils Is necessary to result in a stub tuners, an , an

ris iximct eddy Current density passing through the cators imd udte xtpr'l' w" -

tor; 2) Ferromagnetic implants used in conjunc- slot, and lotracacl.r, 1
t !in wi th the magnet ic Induct ion technique to pre- Invasive methods incl~ iii

ferentlallv absorb energy from an applied RF field. coaxial antenna arpiatr n
T'e isue in the vicinity of the implant is heated cators . S, atIcr t I'.'uc ei- ' -' ,
hthermal conduction from the hot seed rather than heating studies al 3w t-s ,

by lirect absorption of energy from the magnetic applicator, the artisre
tfIl Ild and 3) Curie point seed heating. These to he used to treat a prt.rl-
r-or techniques may extend the usefulness of RE nine. A dynamt-ic latm !-1"

heiting in clinical appIcations. us ed t o s tud y tI heet (
mal field size produc-d byv ail11
ten Is designed for usewitno

ducers and consists c! i3

partrnents , wi th l iqui d .-.- .-

04 5 CLINICAL APPLICATIONS OF HIGH FREQUENCY the top and hotton' ne, -

METHODS FOR LOCAL TUMOR HYPERTHERMIA. The flow it- this ySNt,-

(Eng.) Corry, F. M. (Dept. Physics & Developmental direction, but the ia-a

Therapeutics, Univ. Texas System Cancer Center, to account for counter clir- t
Houston, TX 77030); Barlogie, B. In: Physical As-

pects of iyperthermia. Nussbaum, 0. H., ed. (Amer-
ican Inst. of Physics: New York); American Assoc. of
Physicists in Medicine, Medical Physics M300graph 8:
3i7-328. 1982 (10 refs). 07.7 MICRCWAVV TFCIIN)

THKIERM A. ( V T''!
Radiat ion Theraipv, !Iniv.

MclII;i operating at frequencies in the high fre- more, Mr) 2121)]1. 1c: lV

oI cony (HF) spectrum (3-100 MHz) to induce local or thermia. Nus-;haum, 2

regional temperature elevation in human tumors are Physics: New York) An-r-i

reviewed . Criteria for an ideal system are pre- in Medicine, Medical Ekct-fsented and compared with methods that have been or 1982 (I5 refs).
can be used, including capacitive dielectric heat-

in g, magnetic Induction heating, lIE currents from
Implanted electrodes, ferromagnetic induction and The rationa ,, i,..nd a t- -
bvtresis, AS Well as the use of phased annular at- to microwave (MW~) hvrcethori, 0 i'-

rayS of radiators and folded dipole antennae driven and i nnovat Ic engine-c r 4. ..

at .'33 Mi-z. Although there is no single method log tu ii 'nh mnti

avai lable which is ideal or which will facilitate bvprTt bermi voton at

h-.prthermia induction in a wide range of tumor fur the ind-ot ion oI 1-i.1 1i
17.,eq, hlstologies, and anatomic locations, the ul1iided into vi X oit. ~.it

r,, date has provided guidelines for systems of temperature m-isiomt-tes I o
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it -jI r orij r]torAge; ope r.,tor i nte r-
Irv, error-check ing. The id..roct 1.n

r I-, s f the power source , power 11112-

I r 'Cd 1,iice mot ching network , and the ap-
V i r Nt !.;treqjut-nies, the two types (if ap-

V 'r 0n-n In ';U.ed are d irec t con tact exte rnalI
A: 'tor r,!Implantable internal radiators.

i tern developed at the University of A1
i' -pit il ii described is an example of anIt

and reliable unit for MW-induced
rr c i ,)rcancer treatment.

< TATE.S RADIATION SAFETY AND REL;P-
I.A~tK RC IS PF RATIONS AND PROCEDURES FO R

AlI 1 T HYP ERTfiERMIA SYSTEMS. ( F.n g. ) Ban -

P. I(Bo,-a Padiological Health, FDA, Rock-
Corak oy ,R . F. , J r. In: Physical

rt he rnia . Nusshaum, G . H . ,e4 .
1C P hes ls : New York) ; Amlr can

in ts 11medicine., Medclial Fhys]in
114 Qs-1 ( I refs.

F ) rilIa t i on may he effectively A
1 /d Z r~d]Cc thie raieeut Ic heat ing in human

7 -- S vr~i radilat in emissions from devices
r-iz- thu., ,, litv mray expose clinical personnel

raI non-prescribed t Issue to rela~-
t i I strenigths. Studies of RF emiir-

- rtwaivt and microwave (MW) diathermy
'. %V ti t- irau of Radiological Health (BRI

ie toi roposedI standard fur MW diathermy,
rpt Ing above 900 M~z. The provisions of k,.!ni'r

T i~rnda rd i nvolIve four bas ic( concept s: .i ,
'k ~u~iatonbeyond the intended treat- . .*..

Er prlte to10 U, m'-at a distance of ~ V

mcr1' T. ",e !iatterMy unit, except in the treat- .'-

rrI.'rr!t Crrr. r-iuired controls, indicators, RE power ,ti

i -1'r, i2) (. nt rcls , and safety Interlocks; 1. 10

IT).' irr t te t-, ess is required to be quantified internal ti r
th~ur.t,.tu using standard phantoms; and a re- ii a two-i

et-tO provitde the operator with sufficient hoMil CuIjL C- V
o r !) t ,re'A t a patitent with maximum eff i- i';r. "i ". TlIn

' n,! Tr'n-,m l eakage . Present U.S. radiation r1Y1
I ~ ~~ 1rr 1 much higher uninrtent ion.0 Iksi

r- thanr do those in several East ;trcl
'iir,-r'crres, hut a trend to lower permis- l

' "I,, nfrd-2rwav.

q~ ~ ) PIJIS('HpY AND USE OF TISSIIE-EQUIVA- V ,
1,1 ;- IPOuMAGN'rI c PHANTOMS. (Frg .) 1) ,;r"

Psuriat ion Oncology, Ulniv. Art- 1 , E A I !AT' '
i r r s r O- ite -r , Tuc 'so n , A Z 5 7 24 ). Inii: r l1;l i II

i A-; I-i 0 iperthermia. Nussbaum, C. H.,AN1"
Al", r Ist . of Phys Ics : New York) Ame r I erIrt-

P i - I ,rs in Medicine, Medical Physic-sA:
',1 -'I;19812 (44 refs).

' -iro, 'r',rivaient phantoms for stuises )f .rlirprnm --



:a, Et cts of Nononizing Electromagnetic
R?.l:jj':.' 193O.' )9i3 Current L Ir,'.

t .- ui s a r.aidomized Phase Il trial to com- components and to be criti, il :1:

i, ,i, r tt . tticocles of heat alone, radia- Electric currents or electrl. - i

i: -. ,nt, -id radiation plus heat to treat tumors to facilitate passage o I t

, .,.ts i.i reported. A total of 77 dogs and cats blood-brain barrier, to it .

. 1 vaIi ety of spontaneous malignancies were and cellular differentiat i , t

stra it!:e( b tumor type and randomized to receive brane breakdown, and to ir,,

trpv i y. 7he neat prescription was 44 ± 2 C for
t min,, while the radiation dose was 460 rad/

tractlo:i 2,wk tor 8 fractions. When the treatments

wetr combined, heat preceeded one radiation treat-
M,.it ea h weeK hv no more than I min. All but 3 0753 RISK/BENEFIT £,A.i :
,)1 te heated patients were treated with 500-kHz CASE. (Eng.) St, ,., .

r 1i ,trt, gutncv current using parallel plates, nee- Francisco Press: San Fr, nc- 1 s,

, cr a plate plus needles; 3 patients with su-

(.rtl 'l "umors received 2450 MHz microwaves. A
c ,Mpri-,, of overall response rates showed that the A conference sponsored and

rrctioni or patients with no response was signifi- Michigan Collegiate Inst.

, t-, . igher for heat alone than with either of the and the National Science ,

,t[ier two treatment arms. The complete response ues in Science and Techn,,, 4

rates for heat alone and radiation alone were sig- 1981 was the basis of ti, .

niricaintly lower than that for heat plus radiation, the problem of setting safo:,

Aj.u-yls if potential therapeutic gain factors based to radiofrequency (RF) and i i

,rA T, t Jesquamination as a normal tissue endpoint through risk/benefit aria:.,I.

.i.:.c.ite, thiat larger values are possible for large papers in the volume c,,-1 t.v
tot (> I'' cn1) than for small ones. In the heat origins and present state ,t

pl1s radiatiin group, response rates and durations fication of critical cost',t-,

were dependent on minimum temperature monitored in cat ions of RF and MW enk. t,

th tumor. Temperature measurements should be ty practices in the USSk a',.

made during each treatment, since predictable heat- tions; results of an inqulvi....... ,

in patterns were not seen except in a few cases. nications Commission on p, to t I 1

In patients treated with heat alone, there was no radiation; the costs of peti,,.: ,,

correlation between minimum heat dose and prognosis. of MW radiation; a suggestuol

analysis in the MW debate; curt,

the military; the importan, , ,
environment; cost/benefit auia.,s, -

analysis in the formulation ,t i' .

'7 2 BIOELECTROCHEMISTRY - ELECTROPHYSIOLOGY - nonionizing electromagnetic stand.t :

ELECTROBIOLOGY. (Eng.) Findl, E. (Bio plementation; the effect ot ectt,.
Research, Inc., 315 Smith St., Farmingdale, NY on MW research; science, objeti, .

!17 1). In: Modern Aspects of Electrochemistry, While individually, the papers i .

Bio,,kris, J. 0., Conway, B.E. , White, R.E. eds. vide no simple, correct rtesouti ,'

(Pl, num Publishing Co:New York) Vol 14:509-555; 1982 debate, as a group, they cover t!,, :

(12' refs). view that must be considered sri .

making, if consensus is to ' ai,. .

agreement and disagreement a-ri,

A review is presented of interactions between elec- ticipants are summarized in an , ,<.

tri, flil and biological matter, with emphasis on

traii- mehrane potentials, bioelectrokinetic phenom-
ena, and surface charges of bfomaterfals. Topics

dliscissd include electric fields and ion transport,

cel lilar transmembrane potentials, potentials that 0754 MICROWAVE AND RAI) if 1K ,

are 4enerated in vivo by motion between biofluids (Eng.) Michaelson, s. M.

aqn 'lIular materials in the cardiovascular system, Biology and Biophysics, Sch. M,li, ii, N,

a,.1 tntials generated in bone and cartilage. The Univ. Rochester, Rochester, NY). "

aiti,, r presents results from in vivo and in vitro Radiation Protection. Suess, M. 1., o , .

ex;,erimini t to support the hypothesis that electro- gional Office for Furope, Coptni Ti ,.

curdi,'gram waueforms are largely due to electroki- Regional Publications, Kur,qt p i , 0:

nrio i- potent laLs. Medical and biological applica- 174; 1982 (375 refs).

tiuns include the use of electric fields to stimu-
late hont, growth and limb regeneration, and electric
currents to induce electroanesthesta and to relieve The frequency ranges consid, ec,i

hrnic pain and liminate pain during surgical pro- MHz for radio frequency ridl, t .,

I-edares (e.g., in dent istry, gynecology, skirgery, 300 MHz-300 GHz for micrwav- o f,.

neirologv, and psychiatry). The surface charge and has been made to delineate i,is : '.

surfae energy of a material have been shown to af- respect to biological elteits c.i - .

feI t the ability of the material to absorb blood of knowledge. The review c ic

;37

L7i



C urrent Literature HafsalCI ;a ,.

-: ,,: , : , - n!; ,,I)g i a ettets an I ta t; ' , ,i a t ti

- t i r wl, at on aii1 meas-It 'e t lll,
F

; I WI -

- ',, l,.' '--vtie- ;; prutect i-- measures a:'d tedh-

it t I .2n i 'It' an! st a iArls lt h.al ! h

It is lecrendcc tJ'a tie t-I 2 mI lt this ef- ft fir ,c I.!-' a- -

tc cI li'tontl -iii ri-s ,,. , d/ t ': -- t a, pi il d ' 17 ad:

c -'. t " i -- and m nit -ru-I. i i .. ' "tI" t.! tf-rrn ca. )vR '.as .

*v . i d' "' t t : m . Islc'i- z it- I ; 1t r t t r i ' it -a,, tie-it I

-c -sin if S'd tll -,t. bOiiic I' tTC1 I wait-: ctrci -! .2

S1 1 t ' cl' l t1 i 2 2 1 ,- i-t r K . tt 'It'i0't t I I

i> -r 2v-
" 

t 24 2 t lI - i '5c222d 1 ot t I >. , - i t ' . uI u t'. 2. tt I I

e' , i a t., r i 1 t - i. ii ti-i - I t Iv r -- '
t t' t,, 1t' artio'l < t, )I vd'e ta l t L . .n te t e i! e t ,a at,-1l .

t r e MI n rJ, lI t a.-, - t be-, 1 -r , ,.

d-ses . L,,we red t ox II v i s . -I ,,
a i I e t i v, i c v 1. .. .

: 7 I RIC MN M A(, 1Ii" 1V I.!S A? I Wlt t It m rt VeI tfettpic.. 1 1 it i -. !, ' 1 1

FE :' EN'I K.S, W llI PARTI CLAR REIF FENf I metrv and a berter underfl a I il I' : c an t -

At H., . IH g t' itf, H. (ies. nst . le. - anisms, the number ,t ms.-ti, a . , "

- I" 1 025~, Freibu , . It(.,trm,,! .y) . tt Ni I o , Ic- et -t tveiiess I R slit i -.t . . . .
i"ttl n Pr - e ctton . Su,,ss , .4 . V! . ( WHf,

Il. c 2ii- tot ftrrpc , Cot irihgt.n, n , mark);

1 1. 1 5 ' : 1citl-is, Eiro;Asan S,-ries Ni. Ii

(>2 EFOIACI2, iF , i A."
WAVES O1N CERI. I, B, A

-- i ( ri acl na ~iet ic (H) ftelds are enerated (En .) Sanders, A. P. (Lttc ; i , lxi
S r ins:-,tssion systems and wherever electric Durham, NC;; Joi ne , W. T. ', ,

i-c-ued, whether in domestic act Ivities, Ii E!fects Research Lab., Rese,iicI frI

r',r! tItln, or i industry. F'uture power trans- Report No. EPA-iJ u-fl-. ,
I I n ne two rk v- It ages are expected to exceed the cooperat ion with Duke Vcd v., 1).rh<,>, ,

" ev,'l If M00 kV, and a transmission voltage trtcal Engineering. C intra, t A-

Iproj ecttd for the near future. In the ival lable thcr'ut h NTIS, -rt:,' ,.',
-. r-I, t hea.th protection, the effects that the No. PB83-1169131:7,1 p.; 195 2.

ic 'I i ields may have on man are reviewed. It is
. , t,- that many observed pheno-mena, particular-

. 4,# tn behavior, attributed to the effects of Previous work has shown that levIs I Kt- ti - 'i

1 ., H fields can easily be explained by secondary cals in the energy production system )t rt tt
', whic are not fi-ld-specific. Experimental are affected by exposure to 591 .H:: T -i, I,!

i , ; show that F fields of intensity up to 20 kV/ ation at 13.8 mW/cm
2

. The objectiv-- If ttli stc'-

r ! ft2lcs of Intensity up to 240 A/m, whether were to determine whether there a., i't- . t.
S c', t11, i In i-o binat ton, do not consti tite a wave effects on the hi loc l c ,

-r he ith. Epidemiological studies of expo- they avt secondary t.3 the h'-itIit, rlhie I i ,i :

t -Ifld-S In workers in high-voltage substa- the tissue, to establjsh icse-respun'- I, 1t
i,- ,5 :-I ,i p<,w.,r i,-s haw 1tiled to sh-w any ad- ships for the effects, and to, it ccstigat- it

ft > 'c , fte--S . No'r' echalnism of ,It -t ion I s frequencies of exposure anI Tydclti I I-.-

'ier'hi l,,wt- r tre,)teInCy t Iel is cai; prlduce rier signal. Tie fluorescencoI tf id I- i '

, t otf, 1t'; Iiv:ig Or;tnimms, and no sp citlic amide adenine dinucleotide (NADI' in t - T hr 1i

0 ," -i have Is-en detected in humans aS; a conse- was measured in vivo during Ixplsurt- to r!, " i

te - of -'sxp sure to these fields. E and It fields wave radiation, and adenosinv - IlloslJ, , .
-- ;-1 by 'r tnsml'ssIon systems tip to 420 kV are not and creatine phosphate (CP) levels wt-re ::i, .. i

1, r" t ,,--istit-'te a danger to human health; chemically after esposure.

I -, ,ss iesd that this is also true for R0 kV

0758 MICROWAVE TEST] 2K;-N 1IC 10 -- - '-1 A
rIVE EFFECTS (N F IS FIH ",-: I.

-- ">" CA. APP'LICATIONl S OF fADIlIFRFOIIIENCY- lept. of the Navy (Washingtlo, !it. rlt , I ' I -

4A[ I A I1IrN IIYPFRTIIFRP IA (FT NAl RVPI)RT Jan- informat ion about Te'ch Not v', 'uth' i i pt 1- i i " -

- ' i Foc. . i Ki l , 1. I. 1 TISAF/SAM , Br no W is sue pac kages avaI)l a b le. I ,i --al ;t
t  

,,, :2- 0- "
, . ., ,. SM'-TR-8?-3 , Oct 82. Con- Stringfleld, VA 2?161i, IVcumlt-, N . I'!-,-

f avdI ablc, through NTIS, SprIng- p.; J982.

3M

.. .. .. .-I- 7- . " . . . ... . . . . - i- , , - - -
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c I : t , m is, arizv a one --page announcement of negative findings antl
t.. . , a. iti ahie for tilization. A single, i- technique which utiliz(tc ',

2-"'
2

-Mfln microwave radiat ion is suf- principle of I low ret., !.'.i'. :

S 1,t t T . ,i thr,'shold that stimulates a sig- f luid moving tlt I It " :', 'i :.. o' I I

"''2 1NI , Alcl.-a'' In oVS[Ise splI.Ic B ymphocytes
'urtac receptors for the third compo

~

r'1emwnt , according to recent tests. They
hat rh effect ot absorption of multi-

.' ' , sti A quantities of energy was cumula-
% <- ' Yi the 'xpossres occurred within I hr of 0761 MECHANISM OF LA. ,

'1 r . For add It lnnal I nformation, contact: FECTS OF TilE N'ERVO, S!"[, , ' ,

N:a'.v ,.'t:',,,,.y Transfer Fact Sheet. Code E41I, Na- TAL SYSTEM AN) PREL!MINARY CF .'S)
ji '- e''a. c Weapons Center, Dahigren, VA 22448; re- bell, N. L. (Naval Ocean System's C,,'t. -

2 ,: 'iN'.. ' $2 'TN. CA 92152); Brandt , C. L. Report '. t. <-.
July 82. Contract No. ZR(l" ql *•

through NTIS, Springfield, t 2A 21,' i I
AD-Ai 17 5271 :68 p.; 1982.

!-YPERTHERMIA IN RHESUS MONKEYS EXPOSED TO

A FREQUENCY (225 Mrz) NEAR WHOLE-BODY

RES NANCE. (Eng.) Lotz, W. G. (Naval Aerospace Effects of high-level ele'trona;'Iet:.: K" ,.

Medica. Res. Lab., Pensacola, FL 32508). Report No. on living nerve tissue were assessed ! '.:,

NAXP"-:284, 1 Jun 82. Contract No. c58524: MF5852- individual nerve cells of the Maric' g.,.',,

't, 2. . fa ,ailahle through NTIS, :,ringfield, VA lysia californica to microwave i -,! .
.'21h, D 'oment No. AD-AIlS 364J :13 p.; 1982. 10-300 mW/cm

2
. Of the 8. (X ,S - ,

inhibitory responses and I s..o , ,x. " e-

sponse that required 6-8,2 mAn t .,
f Rhesus monkeys to 225 1Hz radiation case, the cell returned to nr:r i i . 'i

;oaete hyperthermia at power densities > 5 70 min of removing the EM f-,.

(-m (2. 3 W/kg). A comparison of body tempera- the data collected that i: ' .rr i t.
1"" responses to exposure at two frequencies, 225 with the electrical activi v ," irve i1 4 ox-

,T {'.Qi M91., Indicated that the resonant frequency 1st, and that this interactio" 1 n-A I, , .t

-P.,' 1- at least 2-x more effective in causing Inderstandin , the mechanis. i,: :i, I

I .rmIa than the higher frequency, even after will provide a valoahi, t,11 ,1

!,n, of specific absorption rate (SAR) are ards of nonionizing EM eni.. . . "

I I!,'. the analysis. It was concluded there- safety limits ot exposr .

:I it th.' effects on Rhesus monkeys of expo-
1 :r , t , a resonant frequency (228 MHz) were sub-

i !,i , Icv clater than what could he predicted

, '':pn ';,ralghtforward comparisons of dosimet-

," m,:ia n (SAR) and the effects of exposures
m- , "it,er frequency ( i214 Mhlz). 07i'2 ANN17AI. F!3, t T P,' -

EFFEC 1s. 8I '/J, , V. . :

(FISCAl. YEAR !4K2.. Ilo .n . ,,
finalt 2F(PDA, 2'.,, vi Ie, - I !! le

Ils-PI'li, Mar -2. ' . , ' .
3,0-0.CI CAI, EFFECTS OF STATIC MAG'ETIC i .K I, VA >1 . ', . .
F I3W: A SF]IECTIVE REVIEW WITH EMPHASIS

. SKASIoSMF,TNT. (reog.) Easterly, C. E. (Oak

p ',;,,' , i. . , TN). Contract No. W-7405-FNG-26.

'<.!I i, ,. thrig) b NTIS, Springfield, VA 22161, Doc- The Dlvi lot, iI a.
P' K., 2882-103I 5I 1 :78 p.; 1)92. ol l,) ica 1 fialttI, 1 s .It , s .

demitologiical arti i,'s'iri'ii'' . .' .I:,
ietst of hoth Aoll/ii 2

Palt' r than fto oslng or literatoire per se, the cur- incluinng, x-rvs, ri1 p,. ,'
cIt st iv ',ti'rmlnes thgn static of magnetic field ultraviolit licl'h a' I t; ,

in ,,roil ,n rha, is appllcable t, risk assessment. al and extramural e,'d-mi t i . '
i.t-,,m t Is mat,' to tf,'nrlfn f ,,th the lit- u 'e invi'sr a I ,'. n.t,

r t: i s,' fii !- it,' g-al ',t risk assess- liIvrtu', i 1.2'

.Ia' a Ira,-'w.rI wlt',n .f hIf rIi assessment -i;s the fv'atl. 'It. I

Wi,; ' an h ' ,,. 'ori,',d. From this selecteld . , . o . To.' repT1rt i r. - .

r . i w , It ic . ' n c lu d ,: t h a t th r ,e a re a s e x is t fo r ,,r'; , tei a t i , r ; I' ,

4'2,I' ali'.at3i t nf'ri atf 'I -an hi' found tr) hegin il),'4 thr,, gt s' 'teh' ." * , p
"4, . l : tsi'.se to( t ion, reprdticIt Ion and de- related raditi on r-; ,ATIh 11 1 1,

. -,0 t, and r rdl,vas,'.lar r,.'sponse. The first l3,1y as it no' cIs t. , ,

' .• r. ,,i]2.'r t','f v , -.,mhlrnatio o f .ositive and 0:1 t"' t ei.''tr''iii, p itr ...

'i

5:
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''B 1NIERACTIONS OF RADIOFREQUENCY RADIATION 07 h5.

WIH NITELLA: ELECTRICAL EXCITATION ANID r:
PERrvU3Arl.,N UF THE CONTROL OF CYTOPLASMIC STREAM- 'io ' . C '
IN; ( ASCKR 'S THESIS). (Eng .) Wong L . S. (A ir on t . * lla ,I . ,: r c d t ' A , ,

rIrce Iris t . Technology, Wright-Patterson AFB, OH). RIport NO. e(,-7!

p ort No. AFIT-NR, Mar 82. [available through NIrS, Spri:r gti i eli VA

NI'S iprvinrtield, VA -12161, Document No. AD-AII6 Ihbi . .
.1 hi.: , p,; Ie,.2.

11a, lict-r, L t , ,. - "

Radiofrequency radiation (RFR) of 0.5 Hz - 2.5 GHz when video Iipl.,I : T : I- :

at field strengths on the order of 10 V/cm his been i to te wor "f: ;.

shown to interact with isolated Nitella internodal rItm fi, Id 4 r ' e0' .,.,-

cells in two separate and frequency dependent man- '., , ' ,, :
lets. At trequencles up to approximately 10 KHz, tribute - ruj r ; t :

RFK acts to directly excite the cell membrane, elic- repit c, l . p r t v,

iti,,g an actioii potential and halting cytoplasmic ated tn i iprop, r - Ii'' r,
"treaminE. There is no reason to believe the RF in- F-t he rsoim, ei l*l ,c .3u -d n a , I

duced act ion potentials and accompanying s i r amiog di play o,,, I i!y , , -' 1 , :.! , , : :

cessat tons ,ccur through a mechanism different from Reports ot mscle ail," -

that which results frm conventionally applied ex- rk-tat, r1 , :r

citatory stimuli. Microscopic observations of the 'i ch ir . 'rid : . . r ,

streaming in cells exposed to RFR gave no evidence I sour , ",0:I.
of direct action by RFR upon the mechanism whihh r t

generates the motive force. Streaming alterations, - ,
however, did indirectly indicate the existence ;f ,

a field indu,'ed disruption of the calcium ion re- jiSioc Ir ",

lease which normally occurs upon membrane excita- ,ISK, Ir troS lid\ i:/ i I

tion. )n the hdsis of these observations and pre- -1vanceme or , wi 1 r It e

viously reported theoretical models of RF interac- ,rgonomL shrtci :'

tions with biological systems, a molecular mechanism -eric elnssions tr Ii I

for the electrical ly mediated release of calcium ion on, oide red.

is presented.

tl7ot MECIIANISI' ('F Ml ,,WA',- ' .J
TION ( FINAL .cj'o T, . "

0764 OPEN-ENDED COAXIAL EXPOSURE DEVICES (PAT- IL. (Dept. Bi)Ilov. lah I

ENT APPLICATrON). (Eng.) Burdette, E. 84112); Durney, C. H. Cntract 1-.

C. (Dept. of the Air Force, Washington, DC). Re- (932. favailable thr og' NTIS, S ri.

port No. PAT-APPL-6-357 442; filed Mar 82. [avail- N2ohi, ,c 2t AD-,\I

able through NTIS, Springfield, VA 22161, oocu-

ment No. Al-DO09 4871;24 p.; 1982.
.xaminatioi - , e ii, I , " ' ir , 'I
' yl h l n Irc, 1 11' Tlr,, r (A -hf, ,',! I ,,-v: : '

A device for, and a method of, delivering a known heled acetylch,;Iin, .H-A 1-

amuo nt Ii .. , a dose) of electromagnetic energ, via a mdifie! Hil 1lot r,,' ,

radiat Io:i in the radiofrequency/mnicrowave frequency ,.vynvrgist Ic nI nd I , r I .I: I

range to a specimen of organic material (e.g. , a (L. c:1 +:' , '

,-el I a d/, r i t issue eulture) , and thereby exposing 1as , s W . . L d it; .

the spo lmen t,, the delivered energy. The devic,, >.) ',t I. --

, ompr en ,i source of the desired electromagnet I. , - ,
vnergy to which is electrically connected a coaxial .r~ l , .

hahe having ain open end which terminates in a cen- was not, cl.,,cln'.d it ,o--,

trall locited aperture of a circular brass groun.i xp "

plan., p.at. to which, in turn, is electrically ai, l - i-t, I TI- ,S ti.............

m,cin ,alIy Icrinected to a metallic ring which 1-
p,,it -hh nb that It is equidistant from the a,
e'orr !", whi , h ', ee ry-rad atIng open end if te,,

, I ial ,al
,

)c Il Ii ate.ld. A circular culture dt1-

which Is posit hnVd ovt-r the aperture, within 0S- %: '

mital It( ring, ard n the ground plane plat, hild ' , 'T, , , - "

tti, cp,- imcin ,! rganic material which Is exposed t iv) . lI ' - I "' , - o 1 -

th, e-!,,v rdi ,f,. It im the open end of tile co iasi l '1 'll , R. K. . ' ,1 ,t. . . . ..



B3otog'ca! Etfects of Iunionzrng E.ectomragnetc
Radraion V1](1l. October 1983 Current L!Ierature

81 . Contract No. MR)410 ; MR(!4i089 0. [availlable assessment. Pulsed MWR Irsul, . . •
through NTIS, Springfield, VA 22161, Document No. zone of an anechoic chamber at a a..:,

AD-AIIM 8211:15 p.; 1982. power density of I mW/cm
2 

(pR- 'sj -
width). After 2 replications f1 th h,

ments another CDZ duse-respouse , ur.. t or .

Microwave-iiduced dev,:lopmentai efiects in insects ated. This was tollowed by 3 ,oi :

have been studied at several laboratories during lications the first of which wa, ,arii
the past decade. Results of the initial experiments averaged incident power density ot I
were interpreted to show a so-called nonthermal mi- creased rates of response for t!,. C[),
crowave ette,'t, but as more studies were conducted MIRE treatment were demonistrited re" it:.-
by various investigators, a predominantly thermal CDZ dose-response functions in ot rat,

ettect appeared to be the best explanation. This However, the dose-response tunrt ior t, '.
report presents the results of a comprehensive se- that were generated followire this ,ppa:, I
ries of insect irridiation experiments including a gy showed toe same shift in r-:1SL' r,11".
rigorous statistical analysts of the data. Statls- 8 mW/cm2 pulsed MWR combined wit: Cj jl j, .
tical analysis shows no microwave-Induced effects data similar to the I mW/cm2 post-M 4 ex--

for exposur,, of up to 4 hr at dose rates of 63 '4/ dose-response tunctions for tIhe ,11,, i
/kg. Irradiation at higher intensities (102-126 Thus, an earlier demonstrati on A
W kg) did pr,.lxice statistically significant effects CDZ and MWR could not be replicdted.

witen applied ever a 2-4 hr period.

0770 SUBTLE CONSEQLENCES OF Ey-
riiE LFFECT OF PULSED M ICROWAVES ON THE MICROWAVE FIELDS: ARE nEAk

BREATHING OF MICE. (Swe.) Criborn, C. EFFECTS. (Eng.) Lovely, R. H. (Bioc,,
0. (Foersvarets Forskningsanstalt, Stockholm, Swe- ics Res. Lab., Univ. Hosp., Seattle, 'A ,

den); He'rikssr, C. I.; Clemedson, C. J. Spon- zumori, S. J. Y.; Johnson, R. B.; .u>
sorred by NASA, Washington, DC. Report No. FOA-C- pared in cooperation with Battel le Pai, i

5.7 2-H2 H3, Apr 81. lavailable through NTIS, west Labs., Richland, WA, Biology !),pt.,
Springfield, VA 22101, Document No. N82-228731:20 fornia Univ., Berkeley, O)ept . of i' , ! .
p.; lqsl. tract No. N00014-75-C-4h4. [avfil. _,

NTIS, Springfield, VA 221tl, Reprit . -

169/31:53 p.; 1983.
With th use of a specially constructed microwave

genera[tnr, mice were exposed to microwaves synch-

ronize! t,, tie different stages of respiration. When we speak of subtle conseqnaenccs , r.
Frequencies other than the respiratory rate affect mean only that the effects were obser. : . , ,--

the volume and rate of respiration in shorter in- sence of changes in core temperatur s t .i -

tervals of exposure. Even though the animals were wave exposure. When we measure the di,-:, ::
not heated at the low average effect, approximately core temperature consequent to micr .w,, ", .j
mW/cm during exposure, a change in body wt was we are witnessing a breakdown of tr ,

measurable. These results indicate that the thermal mechanisms. Short of this event, th -

energy balance in mice is somehow affected. ject makes a number of thermorregulatry a- !

ic accommodations to maintain a or ,
perature and to deal effectively wt

being deposited In its tissues.

changes should interest us for tih,
0709 DO)SIMETRIC AN) BEHAVIORAL ANALYSIS OF consequences of exposure tu weo ',

MICROWAVE-DRUG SYNERGISTIC EFFECTS ON The long-term accommodat ions, , wn ,1
OPERANT BEHAVIOR IN TIlE RAT. (FINAL REPT. Sep 79- chronic exposure, can lead to .ilii.'. er

Dec 1). (ng.) Lovely, R. H. (Battelle Memorial lng effects some of which are dess-ri,
Inst., Pacific Northwest Lab., Richland, WA); Lund- fundamentally different types it i i
strom, 0. L.; Phillips, R. D. Contract No. NOOO14- tocol were employed. In Expirimenr ;A.
79-C-i919. [available through NTIS, Springfield, groups oi male rats were either vxp-,c' "
VA 22161, DLc'.ment No. AD-AI15 1151:26 p.; 1981. posed to 915 Miz microwaves tor I it 1

to 4 inn. In Experiment Il, 8 rii :,

rats were similarly exposed, or hi-,i
Five male Long-Evans rats maintained at 80% of their 245(i-MHz microwaves f, r I i i,. t .
free-feeding wt , were trained to bar press for food Experiment 1I, usln, a ili :,i i I : i'

reward on a 1-min fixed-interval (F1i) schedule of pregnant female rats wie,. ,.. i

rpinfircemunt. onre stable FII baseline response 19 days of gestation. tconttol )!r t.;-
rates were established dose-response functions were sham-exposed or served as caged curti . . ,

generated for Chlordiazepoxide HCI (CDZ). Subse- focus of the study attended ti ass .,
quent treatments with CDZ were followed by 30 min functions and the develi)pm.otal si,.i us

piIsod micrriwave radiation (MWR) and FII behavioral rats' progens.

41
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Sjoiogcal Effects of Nononzmg Electromagnetic
P3aJ,a!,on VIll(?). October 1983 Current L!e'r

q $4. (17 P4E EtE F F '"F C IF 'A

THE E:G tDI'VIN; A( .4 A, - ,
rI'ON. (Rue.) K 'dav, V.

dIvostok, 1 SSR . Farm , ,.

Research conducted during the contracting period (12 roIs).

has involved a continuation of an investigation of

the in vivo effects of exposure of Dutch rabbits to

electromagnetic pulsed (ENP) fields and an in vitro

study of the effects of transient electrical and The protective effects ot aIa* 1 -r 1 .

electromagnetic fields on biomembranes. Phenome- Ic drugs during acute a crowav,- ( : j..,

n,ological studies of the effects of EKP exposure length) irradiation were stai-d in i,,:-"

o)f Dutch rabbits have been undertaken in an attempt bino mice. The animals were ,ubie,t-.

to characterize the nature of the alterations in- MW exposure at 37.2 JI'cm< (for 1' i., .

duced by such fields, whereas the blomembrane stud- (for 12 min), or 75 J/cm
2 

(tor 20f mh,).

tes have been directed toward a mechanistic under- after irradiation, the animals rcei.

standing of field-induced alterations in biological injection of cordiamine (25, 50, 
' 
,"

model systems, or mesatone (5, 1O, 25, 50 or 1f , m;:

mals were follwed up for 3 wk. Te.,

of cordiamine and mesatone that pr. ,c,

increase in the survival of MW-irradlate:.

Inn' and 10 mg/kg, respectLivly. .M irrad :,, :

duced a transient dose-dependent Irt ans-

temperature and decrease in pulse rat,- ,, I I

ECG examination showed marked elongation

n783 INVESTIGATION OF THE BIOLOGICAL EFFECTS and PO segments in mice irradiated at

OF PULSED ELECTRICAL FIELDS (ANNUAL PRO- j/cm
2
. Administration of the drugs enho:>',-!

CRESS REPT. NO. 2, 1 Feb 76 - 30 Jan 77). (Eng.) ization of the ECG changes induced hy Ml r-4

Cleary. S. F. (Dept. Biophysics, Virginia Common-

wealth Univ., Richmond, VA 23298); Hoffman, R.; Liu,

I.. Contract No. N00014-75-C-0334. [available
through NTIS, Springfield, VA 22161, Document No.

AD-A091 813/61:74p.; 1977.
0785 WEATHER RADARS AS A SOURCE (F .

FREQUENCY ELECTROMAGNETIC FII.!),

PROBLEMS OF ENVIRONMENTAl. HYG(IFNF. (Rh.I

The investigation of the effects of pulsed electri- skil, Iu. D. (A. N. Marzeev Res. lnst.

cal fields on mamalian erythrocytes indicates that Community Hygiene, A. I. Voeikov Chiti'i : '
such fields produce transient pores or channels in Observatory, Central Aerological oh-ercot., I

the cell membrane as evidenced by the release of USSR); NikitIna, N. G.; Tomashevskaia, .-

intercellular potassium ions and hemoglobin (and iavko, F. R.; Zhupakhin, K. S. lrr.

perhaps other intracellullar protein molecules). Cig Sanit (2):7-1l; 1982 (7 refs).

The release has been found to be strongly dependent

upon the duration of the electric field pulse as

well as the amplitude of the electric field. Sig-

nificant intracellular potassium release occurs un- To evaluate the potential environmental a:

der exposure conditions that do not result in re- hazards of weather radar generating seet:

lease of protein molecules, suggesting that the quency (SHiF) electromagnetic fields (w-.

size of the induced pore is dependent upon the In- of 0.8, 3, 10 and 17 cm, power t 1 I -,.'

duced field strength and the duration of the field. l-4,OOOuW/cm
2
), random-bred albino tt, ,

The mechanism of dielectric breakdown of cell mem- jected to chronic 4-mo exposure to 1Shif ,

'ranes does not adequately account for these re- 115, 60, 40, 25, 10, and 5 ,W'cm
2
.) .?,Fli: , i

quits. The results of studies of the relationship fects were estimated by behavior reacti, n , i

,,f field strength and pulse duration for the rup- cal endurance, biochemical and inmunol-lg-!.

ture of an artificial bilayer lipid membrane (oxl- meters. Exposure to SHF fields at , ,

dized cholesterol) indicate a dependency on the uW/cm
2 

resulted in a I.'- to 1.1-told in,,

pulse duration that is consistent with the effects the threshold of galvanic skin respoinse

upon cell membrane permeability. The in vivo stud- decrease in physical vndurant,. At 1-,, 1

lea have involved the exposure to Dutch rabbits to stties of 40 and 25 uW'cm' the a.i.rT

repetitively pulsed electromagnetic fields in an changes in the reflex lateu, v. Fxl".

EMP simulator. Such exposure has not been found to fields at 15 and 60 oW,'cm-- caused i,0 I

result in significant alterations in a number of cholinesterase activity, incres In -t

physiological response variables including the du- plasmin activity, a signifil"at I t -

ation of drug induced sleeping time and serum them- urea and nitrogen levelis, alid aid, ,

Istry changes, although there is some suggestion glvcogen levels. SHIE ftIes a! , a

(nonstticsttclly significant) of a post-exposure resulted in the increas- In 1 ,t,.aie ,,

ino roasp In certain serum enzymes. the hraln and in the ,,retta gi -

,'S

IIiw -i III. ..- , -.- = --



Cuorreni Lileratuce*,.

, I - 'A: I'Al I -F F 1T 1 P, e1A. . '

I5 If., 9-, -. t I,--,- l a nd Con MI TI -

r-na-!,,, -

a t .tI,-' v'ai v ex ')>:- nTs toM Ttr-vt1'das ei- Iwv uS I ~pri t Ir;t MY '
01, .11 '- m a ower densities 'PD) of 14, If), 1,1,1 I~i sess Tan an4f SS-I MIT, istrI i-A-,-t He'

* ,, '1m. (2 hr day t )r 4 Itt. The b i)c he m ic al etf- USR, g Sanfi (9.. :9d-Sp I re!ws;
rcct S tx Mr wetre en imated b-c, blo, irea ind

rn-:.it or 'gen cnicent rat ioni, l iver gisu gen i ev-

a, I bood ;nol inesterase aict ivi ts, serum icul t ta Ith hazards uf comirhied,- vxpst- t 1.a:
lamnand transferin conceiitrAtlions, and 5<cci- suoeIhi't~I treo-nc.y ( SHF)vit<a:f.

nate rhvd!r, idenase and cvtochrtie oxidase activity w,- studic!itc winrl-r In tte,-:-T

in l .-tr and braini rituchondria. ExposLure to EDs t-- An-I-I ti- :: :2-i 4 , i---i-e-si-

or f I d IT ) uW ca
2 

c a(:sed an I nc reas e i n blIood d~sresIn w.trsep - e eal a -

urea levels , inhibit ion of succi nate dehvdrogenase rin: coT-c t~i_ wn' i t. cimt :-,.- 1
.an1d c vto ch r me oxid as e inI liver mitochondria, and or altgitt1v greater than. ., vtn-ot p-::t- s .xI--

Ichibit tin of hlood chol inesterase . Exposure to a ,lito levt- ) e 'we ' -i -t t -r:

PD o t ) (a
T 

ocn
2 

Increased the residual blood nitro- of app;-et it.- a iTd .- oigast ri , T

wen' level , Ie-creased the l iver givi-ogen level , and dr-:. gasrr t- 1 -i r- I~
1I reaseA I cvrioplasmin activity. The moat marked U ICe!I, aiT Jd 2-cv-a I1c c e :- 1~T~

- aesin i-I chc-nical parameters were observed at- lead vapors al-un- wast -itgrtt ia:t- ,d--.-

,rexposure to 14I. and WO uWcm
2 

fields tsr 3 a-Tid that in 5-orAvers espos-i t , 'Sh.I ict-1it a.

- -- Ys-sre to) the f0 oW/cm
2 

field lail l~ to in- cimbinati -,: wiI I eAt va I, in 1h- I-.iia tults

in- *cta n ratr mv-iaholt ism. featur,- o: en;-.ii 1, L:4 ti ! 2- Tv .- -

t:; -e ni -i I ri i r2 -

MG 'I hN C. FVAI.ITAI ON tOF THE BIOLOIICAI. E F-
FECTS OF NONI ON I ZING MI CROWAVE RAD IAT ION .

Rus . Belekritskii, V. A (. N. Marzeev Res. PA89D iAN-F iis' C P ? A-? F

loist. -lenetal and Community ninv Kiev, t'S5K). Ib? REA. tLESC AI' Till '-- ,- S-
t Sanit (,0:12-1a: 1982 (7 rets). PECTS;. Rios.() Shardala, M. C. \A.. Maracee, Rex.

Inst . G~ener Al and Comonritv Hygiene, Kiev, 51-

Ant ipeno,. N.; Koveshn4rikena T I c . i ir nIS
7Se r,sulta of stuidies on the biological etfects of o. I . ig SaoIt I 1:389- .I; 198P2 re1
en-n'ter-tiand electromagnetic (EM) radiation are
-mmact ed1. A Loch-i generator (wavelength, 12.f-

m) was used to irradiate experimental animals in To evaluate potential genetic h.azard s of tcrwv

aane;--bic shIelded chamber, at gower densities ( MW) radlia t Ion o f nont [he roal Int eisltttes, -a,,
rnlgfrom 15u/c2to 50 Wc, asepsdrandom-bred albio rats were irradiated wit !M

to ~wpoerdesiy m adaton(150u/cm
2

) ex- generated by a Luch-
5

8 apparatus T '> H "z' a t
I .)I ed m I( icras i sccnaedehydrogen- ;Towi r flux den'sities :PFD, ci t V1 iW - - -r

aeaiid guoe6psha dehydrogenase activity. for -.5 dana), 5oW'cir (' hr,'aV '
-)rnIa 0,2 exposure to EM radiation at1,2,and 50 5- ii cm- (stogIe? hr expmcre). e i-After

tI cm
2 

( 3 hr/day for 2 inn) resulted in dose-depend- termi~natio tT. exposures at !i-oW, tie animals

-it changes in the ultrastructure of brain cells, wet.- subjected to s-irradilai.n I r'i I) in

Single exposure to EM radiation at 500 oW/cm
2 

caused tay alter MSW and s-irradiatins. the rats under-
lamage of mitochondria, endoplasmic reticulum, cell went partial i

5
epatectomy, and the 'li~ pcm~

cavclci and nucleoli; the structural damage was as- were sueted ito cvtngenetic anal-s A ogl e
s- lated with an increase in enzyme activity and en nyu:- to MIS at PEP) of ,M) oW cr'JI"I n-
-" anod synthesis of glycogen, DNA, And RNA. Sin- cre-ase ih.- niobe of ce!!. witi t c~ ,'M

vlc exposure of cats and dogs to EM radiation at tirns' (Is. 'I -<mated w.tt0 1 -7. In - tr l-

or a-fl-SOOn mW/rm" resulted in marked dilatation Tie mnci ', --I ro-- ),c'ns Ie bi-at 1' -t
'' 11arternis, enlargement of Intertc-ilular s- -t- 't'; ' V ia)'it-

qrAce , marked decrease in. col lagen level , demeel lIna------------------ *bat r------- i7 t -- - tin

tor. anid vacitollIzat ion of nierve fibhersI a::d changes I e, -. , Pre 1i. 1 F-lm-i i-i n,)c I- weT
th s ciI ze And shan' of va r Ious ce I Is . Thepse t ind- ai 1 '--' r. !~ e Il

ings in/mcate that bistichemical and kiltraistructur- a!,Ir atI ""iI ic b s-a-. -. i t-,

At parameters are highnly sensitive to E.4 radiation i - .-v ,r- a:.i --
And thar barge s in, Ii~se parameters i-an u.isi-i In. a 1w t, I-' (,
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e ci . !a-1i f he 1 c 152. t1. 'r aw to

p.I et1 nt i A I s, of weak elIecr ric cCur rett;tIs to iIn- Achatrge

Itatre hone regtenerat ion was studied i:r rabbits. An ' E.) .sho.w'. Nat aol.I ribl Cu a-s. -

segment o f the radios was resected and piati- ...odilatiO '1K'' rh r.11 F ; -tv4 ,

n-r wire e lectrodes Inserted between th.' bone frag- 1<1011,.d f.r a (47 1";" 'Ir .r r'

men t S ler I st imLIIlIt ian ( 8-1 In A, I1-Svc pulseS Aul t rabt I UeF- ,on t AlI - IA
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rie sav af ter t he f racture compared with rsie l 3*~c
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1 '-d- c!,e c ell proliferation and predlotol-
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blo, i Ai- ood flow velocity doe to revasici-ANlS PrfI< i'-

Ire, Ie bone won. ireg ion. Improved hI.: d( F N!'< .A "A 1

lIp,1% i ate. w itrh I t reased ATP concent ra- I N A PAN2I< I ':.CA'! I.N.A .!A ..

r ,i ad l evel s , and redox potent ial . 1 <l-i I' zin.. ) xa a . ...

t1I(o g Iven; .4 nor l ant- Ns'. A . Pt f. 1 .~ !j

3il-l
5  

l Is -a1 re' tvnf or , -

eiI.valut hi Wt at en l)it of shrto. v

4 ' )P kIDE-BANDt MODULATEJ ELECTROlMAC- I1 .atiI , 1-1m,( ti.r li ed, randc-fe -- "17A:

N1TI FIELDS O~N WORKERS OF~ HlCil-PRf0LvNt'Y rts were cx55. S- i t Aerrat: I,.; 7vtet Ici.
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pulse type, vector, gradient , local i cat I on , and doi- CoMP I I C'AT I tiNs. (fis R" tV r zlo, A . A . ('.rt, ,
rat Ion of exposure. The sensitivity of an) organism 1) 1 eases , Eye Mir i'. rvr' 1ies. lr., N. ir,
to ME is assoc iated wi th It ts age , sex , and i nlividu- se, ond Medca loAst1' [. ,", w .*W 55) ;'
a.! charact er ist ics. Respronse' ti MF i s chAractrItcd sN. rsit oft .,I - I I) t~-> I r
b, a pro longed Ilat ent pe r iod ;changes Iin ti ht-bIolIog-
i ca I parame tors o t MF 1 rItrUie Iins Ign i f i -nt A.ltanges
in response latency. Both s low and last systems of hev t h, - ra pe,! t i c fiA, v '31 r r4.- rt I o.
init tat senisory response were observed af ter expo- ii ilds I AMF) was s toll, e in 3 1 patf,-nt, wi th Z,
sure to siperhigh frequency elect rmlignet ic fields. operative complicat ins tol l-ing eyvr sorgr.r. Ii.
The in it Ial1 response t o MF I s folIlowud by an overall1 pt[ tents were d Iv idedl Ittiot th ree gr.,ups; 15., piat li,
rearrangemnt react ion and an adaptatiton reactiton,. withi h 'vpema lull wing i nt racipsilar Cat ara-4 v t -
Anr adaptation response which Involved the endocrine tion 1)r;i 11I with part ii posto;,era't eh ,1
system was observed After dailIv exposures of > 210 tialmoslGroup -2); 4 wit h pst lf-rerai t ~t Ii i',it
win in duration. MF-induced adaptation reactions of tire cornea with o,!-d (Str-, 3. lPatlcflt ,!
were associated with changes in erythropoies Is re- G;roup I wkrc exposed toAMP 1 5 -6; i) i *r 1 T.!
dox potentials, and cell membrane permeab ilIIt y, sess ion fcor In1 sessifons wniAle pat ien ts f ,tc, roit)u,
Therapeutic applications oi ME are associated wit ii 2 and 3 were exitosel to AMP (-lov i) for -xt
itcreased resistance to infection, temperature ex- session. After 2 to 3 A,'ll applications,
posure, and ionizing radiation. Prolonged exposure the patients in G;roup I exfhiied resorpt iot
to ME induced various pathological changes. The hi- phema compared with 50O, of the control ;rip. A:
ophysical mechanisms of ME activity can he described Group 2 ptatients showed complete restorationl -, c r-
by changes in sodium-potassium gradient, orienta- neal t ransparency. In Group 3, half of tire patitt
tion of RNA and DNA macromolecules, and polariza- showed resorption of tire hemorrainage alter !I AFM
tion of the side-chains of protein molecules. appiications versus )6.3% of the Controls. AME i;,-

pl icat ions enhanc!ed the normalizat ion of visual -
ty in patients in all 3 groups.

0807 AITTOALLERGIC EFFECTS OF EXPOSURE OF RATS
TO SUPERH IGH FREQUENCY ELECTROMAGNET IC

FIELDS AND) THEIR ACTION ON THE FETUS AND OFFSPRING. 0809 MICROAVEF THERAPY. iflus.) rlsrv .
(Rus.) Shandala, M. G. (A. N. Marzeev Res. Inst. S. (Dept. Physical Therapy, Cent ri ltt..
General & Community Hygiene, Kiev, UJSSRl); Vinogra- Advanced Training Physicians, Moscow, lSSF). V;tpr
rios, G. I. Vestn Akad Ned Nauk SSSR (10):13-16; Kurortol Fizioter lech Fiz Kult 2:6ti-h?7 1 i)*
1982 (11 refs). refs).

The rote of immunological factors in the mechanism Indications for therapy with microwa%- IMW) rdli-
of hazardous effects of superhigh frequency (SHiF) tion are outlined. Centimeter-hand MW (23"1 NH7,
electromagnetic fields (EMF) was studied in pregnant 12.6 cm) is generated bv Lucii-2 (201 W outIput Powet 1
Wistar rats. The animals were exposed to SHF ENF and loch-Sd-i (150 1W output Power) urnits. D ci me t'
generated by a Luch-2 apparatus (500 uS/cm

2
) for 7 band MW (65 cm, 460 ffHz) is generated h- Rmst~

hr/day during the entire 2
0

-day gestation period. (20 W4) arid Volrra-2 units. The durat ion o4 ainc
To evaluate the effect of autoantibodies on embryo- irradiation ranges from i-IS mitt for Lniih-2 sri)
genesis, pregnant intact rats were imnnized with Rrrmasirka units to 10-20 mi n for ,oh-rs Arid Vlin
serumrn from irradiated or intact donor rats. Donor units. Patients are sub~ected lii dailyv irradiri-
rats were irradiated at 500 uS/cm

2 
for 7 hr/day for tions; the total number of aptpllcdtitns icr -i

itt days. Exposure tin SHF FMF resulted it marlted ranges frorm 5 to 20. The t herapent i, et t ect it 514
stimulation of autnimmune reactions; tire average rad iat ion is associated with Ithtirmal andi ntht ir.
number of plaque-fortming cells at the end of the a c t io ns. MS therapy is indicateti fir 

1
taroiott)ti,

gestation period was 7.3%/ compared with 1.1% in inI- arthritis of the maxillo-temptral itrnt , lo't lannr-
taut cointrolis. Irradiation rif pregnant females t ion of (tire paratial sinuis(-, Intri-inli-sis, ttt-ii-
causedl Inhibit ion of imminnogenes is esntimated hy I t i s, citroin I c dermatirses , irt At t i Is, ridii't 'i !
phyt ohemagg lutinm- inducedl lymphocyte hiast traits- t is, chroirrc arid recur rent otispuc It ic br-otit 1i
formation (24.61Y compared with 41.71 itt controls). rtiniarv dIseases in children, pI~v~ ...... tltitis iniiil
Immunizcation with serum from intact rats did not drrn , arthrrit is of tire shi...ilder jonint,*ittatI
affect the course oif pregnancy, while immuinization ris of the Ankle ioint, ciis-itlirisis,is -iiihottii
with -um iron Irradiatedh ra ts ri-stilted in ir- sis, rhtimitoid arthritis, htinch~ iial .sttn'i, li

traeiemhryolerhal iry antd ilureasut viability oi Ic pnetumnria, piji, In ilt, chtroic gasci titi wit'.
ti he pti'tg. hvposec re t iin , chronIttic , . it i s, Ci~trtjjI cAl aitl ,

Iact at ion mast i t Is , hvi.-rtttens !,n, rnn-a oIlii Alhv-
pe rtersironi, s-iisr~it f- i-i d ts -, citirnic i v'.' li, pl

is, itid -,I-is let- -, ii rii lus - s.
therapy Is cittr1,ict- pa t lo-rits iwithIi n-i-i,

il ~ ~ O Tiiwl ASPI), IN ii- Pl.- haih. ie AITtluheririlisis, li-vet, ltiurrrrfiri, idrit 'Si-

NA! 1Y, mAnN%, rIC FIit1) N5 P1' 1 iPRA FVF cP Anilc ar'inva1s-i oit At!,tuIt1i1 i-o
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discharges . Immediatel.Iy after developite t -I ti 'i Wr1tur I I it wt-rt, v;xi .- t ; W we
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Ii w Ot:> t -, -1 1 O ,r
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OSTEOGENESIS AND BONE tROWT1 (EDi FORIAL.). tor activty tests in mice, irradiation at 2 mW n

(Get.) ngethum, M. (Aeskulapwerk, Postfach 40, D- significantly potentiated the sedating uftlct>

7200 Tuttlingen). Munch Med Wschr 124(26) :62 1-6; a ) mg/kg dose of chlordiazepoxide; the effect wo--

1q82 (6 refs). not statistically significant at other dose level-.
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hle-blind methods are available for evaluating the MORS. (;Cr.) Veupi I, P. i'hVsl-ilgi> hes itst ,
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t e stoi- Ci- ni ot , some uAseful interim fnt's it V 1)tt r d I tre s; .

a, an "cI rLwi by cumpar Ing huran expo-

ri w ", t ,: 1 5, "are rttJr Irlv experite nc d in

I n n !' il ett !ts. TIs aprroaclh
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I 1: i 1Fr v':ish'ii k : . A ) F .. lt i t t tI -h I ttsr t i t a< tti tIs r 1 - z I t P r i
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"  

.1 1 ect.I are im IlIa r t, _r -,n,. ,T tL:

i t SI t st'sm.

Ertects or the cel surface it Phvsarom i 1 IWop " i
-

lim imo,-bav grown in t,11 Hi sinusidial tit ,l oit 1.0
V m Ind jr.1 Ci in he detected USi Ig a-uneoIS twil-
p , o rt itlIn cIrImat[,grapliv. We report the tirst III.l hF v"i(S , IJ''EI F (l iT

f.rect ,bsorv,.tion t ceIl
1  

surface I ofects dt,, to IN T"' I M tlk iNA[ 5 p NS- V fl F, .,

.ak , 1.,w treqt-ncv elI'ctromi n,,tic fieIdIs. B 'IE ChIi.S I, VI I o !wL' rIVN(: AB P' IA,: r I
e t R o A o I [

V 
I LI,) - d lia . S;'!-l i *, 't \ . ( :

he )rit , S 1 A. e i ) l 5 ) F

trithen S-c ?12q): ' ; INH

83q THE EFFECT (IF PLSING F I.ECTlROCMA(NETIC The ifre t puls , !,-t rmanet I , f I-

FIFI.DS (PFMFs) (IN RNA TRANSCPIt IE'li IN hit ), 1  iig iri ., 11 ,, .,. ' o- vt, z1, Tr

PF 1. Y NE CHRiMOSoMES (MEFTIN; ABSTRACI . ( Fng. 1 or ,In c, Ilular ,,, t nt 1,1s r ,

C ano, mac, R. (Dept. Pathology, COl mbia 'iis., O' w -hbs iir. The cirrnI tsr-1f -s a 11nt-1 It'

Y,,rk, NY 10n32; Henderson, A. S.; bassett, 7 A. tit I mlica Is useful tfelts I hinme ond

I e ct5rochem Soc l29( 3 3) C; I Q 2. in tis se culture. Ftxpo-re Ot cellI t() F s1t- ,i
gen' fields prodfucedl signi f can, itn hf i ,;r I! -

oral Iioc}' ,mical responses to paratIbvr-,t 1) Tm,
('sing tritt ated ur id Ine incIorporat ion to mon it or (PTH) , sunogesti-, n that s,)me or a! I of [tic he I I v

transcriptotin , RN4A was ext racted from cont rol and a t ins or tie t lelds ma, he mediated t , ,

PKMF-treated (single puise and puIse train) salI- the osteoIvtic of fccts of i-'t1H in lIa , I I

vare gland cells at 15 min intervils Ip to 2 hr. Stoi ed wore also pertor ed t.i ex min , , r'
('Vtr',ogcaliv transcript ion wa s montor ed hbv ti-a ! ields i: stimil ir Ing ft fter tn tat' ' ' !

Iranscript ion atoradiographici Iyv. Bj[,chemicalI curso-r cels into osterhlasts. Firtt-er t eI ,
- 

rv

It-MF s induced a marked increase In the spec if i C i scused
act jits of RNA: (I) the single pulse Induces in-
creased specific activity of presumptive msseng,'r

RNA (S-17S) at 15 and 45 min; ( i) the pulse train
indoces one peak of act ivity at 45 min in the I8S
region; (iiI) following peaks in RNA activity in- 1o 4: PULMF1 F.EI,'TR0'tACNETIC F l Ft F-Ir IF
diiced by P EFIs, fall-off in transcript ion Is sharp (HONDIOB/.AST CiTTlE Y (STI NI AS' TF 

, '

and after hi min, ai mlire prilonged PEMF triatment k lnc . , Nrtin, 1.. A. i irtV. C i n-,-,t It ,

spe Ific act ivities fa I below contr I leve Is; (In) Centir, St', Denta] Medicine, F.irmln' , ',

tfte effect If sudden elevated temperitire be it I Fli, ro hen Si- V~ ):3 '; Iq5.
s hock ) anti PEFF tocet her produce a syn rg 1st Ic vI -

IIct; and (v) b taking the cells in and out o thle

field, it Is apparent that the rehci t< rat' ,f Ctrh. eI i' priiduct' o dill t , i -re tlatt.'n T',r, ,'
transcript ion resulitng, frnm long time periods t I't i iIltlreI chiindrihlIast epxpos t t i.' I !

PFFIF's can be reversed. Studies on this r'hoii d I,.1 , ! r,'r.wlie,- ic I,ld iP -F I I r -, t. -r oI! ,

effect are d iscussed. ti iintri! p, p I vt Pli 'tF ,1I tt u t It,, i i i + 'l

17 ' t I I ri')11 11 T IF ' I, Ie I

t i )ie" ii, I'' ri is), -tI Ihli to! l I I ,

('l41 TH' F.FECT OF PI''SATIN; Fi FclxRlMAi:NEtI ' t-' c11 i,, 1 v its. CI 1t r, I "'1

FTFIIDS (PEMFI ON 01,lMEIRI AgT-11KF I l S 1N I csr,,'i ' t h i!Itr , t,,IiS huJ the l t
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,n r, c I t u i, r s w , s . , te Ii t A , 1 2 r.- .
,  

.

tr ,.ir t Ic hl' t117 ,rt ine o.,, ! ivt !]v, IA 2 - .
i

,tr it t ,i i- i Wce' F - j f t Tm rU s tartc, , . ,,

c r icr. t tt o, i icm If t si rel tr c, ,

OF'tR PYiR AN (l -PY
M
IiR (t'YRAIN) AND the !'BAH prov-d mit ticerinc-, n IsItIv ,, r ,. -,, ,

P!': SAT I l.f: TPciMAi;NRTICAIi.Y INlIUCtD ,-mpl,,t Iv within 2-3 wk< after treitnn-rit . 7he
i'b'R NT' ci i tb A7) ATN F 4i1t MHIANOMA (Mt) IN VIVO. car'inoma similarly Ire ltil tine-i a dar- crust i,

(M T6'ii ABTRACT) . ( F!.) Norton, L. (Mount Sinai the center whiIe new growth appeared at thce d'lg- -it

-h,,' t I-t,l -I !,. New Y rk, Y '029 ); Tansman, the trea .t - I r,,r. (if thei TEC tumors treated daily

. . ,.,,eImn, W.; i;eller, S.; Vlla, A. A. Prc for ft- miin, 75% toitauIll rtyressecd, the r,mai-cI,'

An --ic " ,et Am. Ascc (an er Pes 2:I3; 1982 (I ter.) c0-tintukd !o grow at a sT5 wet rate. The r s ts

indicate a differenc- in thtrmorespise iiaimg ti,-

three tumor types and emphas ize the si gnificance oc!
The intineoplastic activity of the immunomodulatlng studying each tumor type indiiduall. The m,-chla-

plani I,: PYRAN , in ci nc al t ril aIs ME- 2, is en- nism(s) of MW effects on cellular components is Ie-

cati ced by si mu It aneois exposure o tumor-bea <lring Ing studied by high pressure liquid chromatography

mice, ti PEMIC, a nottxic , low power, n,nthermal , aid will he presented.

it )nlonlziig current designed to Influence membrane-
,Izvme elect rochemitry. This extends the ant i-

ealccer actIvitv of PiMIC, which has already demon-

siritnd a svnergy with cytotcxic combinat ion chemo-

theraiy In the H system. one hundred female BDE1  or 0958 CLINICAl PILOT TRIAL OF RADII)F'RE IENIY

8C 1F mice were given it) drug or PYRA.N 75 mg/kg ip I (RF)-INDUCFD REGIOcNAL HYPERTHRMIA cc+
or days aiter sc implantation of 1 mm

3 
H. Mice SUPERFICIAl. (SE) AND DEEP-SATFD (DS) Tt'MOR I.PSIiN';

r,ilcioii d to receive P MIC were placed 4/cage be- (MEFTING P 'STRACT). (Fng. ) ChoksI, .1. (1. D. An-

tween alr-gap coils I (Electro-hiology, Fairfield, derson iosp. and Tumor Inst. Houston, TX 77,ii,);

NI) Inducing 2 Hz currents of 50i msec bursts of Corry, P.; Headlev, D.; Bernadino, B.; Barlogie, M.

_,- usec main polarity, 4 usec opposite polarity, D. Proc Annu Meet Am Soc Clin Oncol 1 :21; 1982.

peak dens Ity i. '-1 uAcm
2

, for 12 hr/day from day
2 continuously. Dummy cages were used for noPEMIC

mice. Species or day of thereapy did not influence A clinical pilot trial was conducted to evaluate
survival. At a median survival of 7 wk, 24 mice anti-tumor effects and toxicities of RE-Induced r-

with PF*IrC alone were not different from 28 mice gficiia) hyperthermia for the treatment of recurrent

wi'h PYRAN alone or untreated controls, although Sv (27 patients) and DS (6 patients) tumor lesions

20. of PYRAN-only mice has a slight survival ir- unresponsive to conventional therapy. Histologic
provement. However, 2

n 
mice with both PYRAN and diagnosis included lh sarcomas, II breast cancer

PEMIC had a median survival In excess of IO wk (x
2 

= and 6 miscellaneous tumors. Treatment for I hr at
6.63, p < 0.05) This was due to an inhibition of a desired starting temperature of 43 C was adminis-

the initial pseudo-exponential portion of the Com- tered daily for 5 days,'wk for 2 wk followed hr- a

pertzian growth curve, resulting in an overall dis- 2 wk treatment-free interval. Subsequent heatino

placement of the survival Icurve for Ion% of mice. was performed using gradual Increments in tempera-

Hi1stology suggested enhanced necrosis of PEMIC-ex- tore to a maximum of k2 C. A RF apparatus oera'-
posed tumors, which suggests the mechanism of syn- ing at 13.56 Mliz served as a hearing solurce. the

ergy with the macrophage and NK-cell stimulating maximum tumor temperature was independent of his-

PYRAN. topathologv, size of treated lesinns acid prIir

exposure to ionizing radiation. The overall oh-

ject ive response rate for 25 evaluahle pat ientts

recevling at least 5 coisit citive treatmen ts was , *_
including 2 complete and 9 partial remissions.

0857 SELECTIVE RESPONSE OF TUMORS TO MICROWAVE Three additional patients had a minor respnst,.
HYPFRTHERMIA (MEETING ABSTRACT). ( Fng.) RE-i nducied anti -tumcir etects were t emprat cit-de -

Coldfeder, A. (Cancer & Rad iobinlogical Res. lab. pendent , I.e. lack of i ur regression below 42 C
New York Univ., New York, NY Ii 13 ); Pert ino, P. including R SF and I liS tummr lesions; w1ci I 55% ot
Proc Annu Meet Am Assoc Cancer Res 23:22; 1982 (1 11 patients treated at 42 to 48 C respondid , and
ref). heating to 'i 48 C lnuc-il responses In ,all s pa-

tients treated. Tuimcrs treated at N 4h C sil-,we
longer remlssin durat lmin titn I hos( t reat ed it

Previous studies in this laboratory used microwave < 46 C. Pain was the treatment-limit ig txicirv
(MW) hvperthermla as an ai n tct to x-irradiation in I1 patients . Blistcrs were noted In pftie nts,
and ml nsonlda ole . The present study is ccncerned andI l t ltent each it--,,p-,U bleding aid i ti cc-
with effects induced by MW hyptrthermia ilone. Two tiion. Thin, exrerIal v a, plied R-iid ,'d r I, i'tlI
miccsn, mammary carcinomas (CMT2, IBAII) and a spindle ivperrlhermia is, a saite tic -I ft- i v aiititn, +

sll sarcoma (TEC) of standard size growing in iso- treatrmeut modality with minimal hiologi,al effect

Relic- hosts have been exposed to 42503 Miz inductl, at temperatires < 2 C, wht-reas higher it-ml,-r.itur,,
MW iperthermia at 42-43 C i( or a predetermlned t imt. prid c e rum)r ir gression I n h,il i I t- at .1

hm3-
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ic. trhikN. li. ( n'!ialia !1.. . Mt-li-

CM , i 1,I k I 11); Shp, K. t.; Mot-
0I-is Ma r shal I1, C . In-fc Annas t t Am So-
C r, ni 1, -,; 11(02 ,.

* prrher ia in calleer therapy has herok- Viewed with
lre ml'sin interest; however, an eff--tive, re-pro)-
do -I h ot o has been n-tifr loalad whole,

hoehprhrl. A vi rie t I tcch ni ques and1

j-rtiteriaiwith mt4tlri icolsistenlt ileyre, -t I 'pr-

hi' ' h - lip--tfer-ni I 0I b.- pt-

') ihe r t-Klt-t '.\i-iistr tnitlv uni-
-ilw ~ 't- l I r.-hd.-oii:I) inl-imo II ban,-

t'-ri'll 2)-' ! k.-it, , dn abinets, i) i-l
ti-rn a h-Ie' I is'~ it'lk,( t .ix hit:, ) circo-

1:'inigv boo itd witer h-i suits, and 5)) hiated hlo-d
p *f~sIy thn- Ue- -leer theII pas t 12 no 29 pa-

i c!lsItl i,!an- il iI llrhieIndcr~igone a total
(t141 t- k! -sIVI rtl rn- t r tatmre nr It lit in g ml-

crow yve !,ilt r it-s. Core hudv t emperatuores of he-
tween Io andt4 .95 C wet, Ienmli it alIned t: 511 r tO

I',I i nl ilo t he-f p )at icnts 9. The procedulre and equip-
rent Ii toI prodUCe thek deLsi r-I levels of temrpera-
ture Totr yarning periods of time provides a sate,
reliahile andI i nesplls isv method for whole hodv hlk-
pe rthermia. This sImplified technique willI he dec-

scribed in detail1 and preliminary resiilrs of ther-

ally will he)t presented.
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SUPER-HI5H-FPE0UENCY ENERGY ON FIELDSI A SELECTIVF REVIEW WITH
RESPIRATION AND OXIOATIVE EMFHASIS CN RISK ASSESSMENT. 0753
PHOSPHC.,L.!':_

', 
IN MITOCHONDRIA AND EFFECTS OF MAGNETIC FIELD EXPOSUAE IN

ACTIVITI-_ ,r VARIOUS BLOOD ENZYMES. FERTILIZATION UCCLSS OF RAINHOw
0821 TROUT, SALMO GAIRDNERI (CONFERENCE

LGW-LEVEL PROCEEDING). 0778
EFFECT OF LOW-LEVEL MICROWAVE BIOLOGICAL EFFECTS OF HIGH DC MAGNFTIC

IRRADIATION ON ThE DUODENAL FIELDS. 0779
ELECTRICAL ACTIVITY OF THE DOSIMETRY, INTUMENTATION Ai'l EXPOSURE
UNANrESTHETIZED RAT. 0683 CHAMDERS FOR DC MAGNETIC FIELD

EFFECTS OF LOW-LEVEL MICROWAVE STUDIES. 0781
RADIATION ON THE EYE OF THE CRAYFISH. ANALYSIS OF FREQUENCY RELATIONS OF
069; BIOLOGICAL EFFECTIVENESS OF MAGNETIC

EINOIG AND RELEASE OF BRAIN CALCIUM FIELD IN A RANGE OF MICROPULSATION4 OF
BY LOW-LEVEL ELECTROMAGNETIC FIELDS: GEOMAGNETIC FIELD (C.Gl-Hz - 103-HZ).
A REVITW. 072C 0797

APPLICATION OF PHARMACOLOGICAL METHODS EFFECT OF MAGNETIC FIELDS ON
TO THE STUCY OF r IDLOGICAL EFFECTS OF RADIOSENSITIVITY OF MICE. I. EFFECT
MICROWAVE RACIAT:ON CURING LOW-LEVEL OF INFRALOW-FREGUENCY LOW INTENSITY
IRRADIATION. 0824 MAGNETIC FIELDS ON SURVIVAL OF

LUNG ANIMALS SUBJECTED TO WHOLE BODY
A MICROWAVE METHOD FOR ESTIMATING X-IRRADIATION. 0801, C801

ABSOLUTE VALUE OF AVERAGE LUNG WATER. ORGANISM AND MAGNETIC FIELOS. C806
c715 CLINICAL ASPECTS OF THE EFFECT OF

LYMPHOCYTES ALTERNATING MAGNETIC FIELDS ON
MODELLING OF THE PERTURBATION INDUCED POSTOPERATIVE COMPLICATIONS. 0808

BY LOW-FREQUENCY ELECTROMAGNETIC THE EFFECT OF CONSTANT MAGNETIC FIELDS
FIELDS ON THE MEMBRANE RECEPTORS OF DURING CONSTRICTION. OF THE CAROTID
STIMULATED HUMAN LYMPHOCYTES (MEETING ARTERIES AND ASPHYXIA (EXPERIMENTAL
PAPER). 0730 STUDY). 0810

MODELLING OF THE PERTURPATION INDUCED THE USE OF SONIC-BAND MAGNETIC FIELDS
BY LOw-FREGUENCY ELECTROMAGNETIC IN VARIOUS DISEASES. 0811
FIELDS ON THE MEMBRANE RECEPTORS OF CURRENT THERAPEUTIC SOURCES OF MAGNETIC
STIMULATED HUMAN LYMPHOCYTES. 1. FIELDS. 0812
INFLUENCE OF THE FIELDS ON THE A DEVICE FOR EXPOSURE OF BIOLOGICAL
SYSTEMOS FREE ENERGY. 0733 MATERIALS TO CONSTANT MAGNETIC

MODELLING OF THE PERTURBATION INDUCED FIELDS. 0813
BY LOW-FREQUENCY ELECTROMAGNETIC RECOMMENDATIONS OF THE BALNEOLOGY AND
FIELDS OF THE MrMBRANE RECEPTORS OF PHYSICAL THERAPY RESEARCH COUNCIL OF
STIMULATED HUMAN LYMPHOCYTES. II. THE USSR ACADEMY OF MEDICAL SCIENCES
INFLUENCE OF THE FIELDS ON THE MEAN ON RESEARCH IN THE FIELD OF MECHANISM
LIFETIMES OF THE AGGREGATION PROCESS. OF ACTION AND CLINICAL APPLICATIONS
0734 OF MAGNETIC FIELDS. 0814

MAGNETIC THE EFFECT OF CONSTANT MAGNETIC FIELD
LEUKEMIA IN WORKERS EXPOSED TO ELECTRIC ON EPILEPTOGENIC FOCI IN RABBIT

AND MAGNETIC FIELDS (LETTER TO HIPPOCAMPUS. 0822
EDITOR). C651 EFFECTS OF PULSED MAGNETIC FIELDS ON

MORTALITY FROM LEUKEMIA IN WORKERS THYMIOINE UPTAKE IN MICE (MEETING
EXPOSED TO ELECTRIC AND MAGNETIC ABSTRACT). 0847
FIELDS (LETTER TO EOITOR). 1693 MAGNETOPHORE

CARCINOGENESIS AND EXPOSURE TO ELECTRIC EFFICACY OF DECIMETER-BAND WAVES AND
AND MAGNETIC FIELDS (LETTER TO MAGNETOPHORE THERAPY IN PATIENTS WITH
EDITOR). 0694 HYPERTENSION. 0816

MEASUREMENTS OF ELECTRIC AND MAGNETIC MAGNETOTHERAPY
STRAY FIELDS PRODUCED BY VARIOUS FALSE CLAIMS FOR MAGNETOTHERAPY (LETTER
ELECTRODES OF 27-MHZ DIATHERMY TO EDITOR). ObE3
EQUIPMENT. 0706 CLAIMS FOR MAGNETOTHERAPY (TWO LTTTERS

ELF MAGNETIC FIELDS IN ELECTROSTEEL AND TO EDITOR). 3664
WELuING INDUSTRIES. 0707 MAGI41TOTHERAPY IN VARIOUS DISEASES AND

EOCY CURRENTS INDJCED BY RADIOFREQUENCY INJURIES IN SPORTSMEN. 0804
MAGNETIC FIELDS IN BIOLOGICAL BODIES. MALIGNANCY
0710 RADIOFREQUENCY HYPERTHERMIA IN

ELECTRIC AND MAGNETIC FIELDS AT POWER MALIGNANCY: A PHASE I-Il STUDY
FREQUENCIES. WITH PARTICULAR (MEETING ABSTRACT). 0855
REFERENCE TO 50-HZ AND 60-Hz. 0755 MALIGNANT

BIOLOGICAL EFFECTS OF STATIC MAGNETIC OXYGENATION OF MALI16JA.qT TUMORS AFTER
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LOCALIZED MICROwAVE HYPERTHER IA. PULSATILE :LECTPOMAGNETICALLY INCUCEC

07J2 CURRENTS AGAINST 516 MELANOMA IN
IMPACT OF LOCALIED MICROWAVE VIVO. (MEETING ABSTRACT) 0856
HYPLRTHERMIA ON THE PH OISTRIPUTION MLMBRANE
I% MALIGNANT TUMORS. 3625 CHANGES IN CARDIAC CELL MEMBRANE NOISE

"4AMMARY DURING MICROWAVE EXPOSURE. :668
THE RESPONSE CF MOUSE MAMMARY TUIOR TO THE rFFECT OF ELECTRIC FIELD INDUCE.

MICROWAVE HEATING AT 2.45-GHz. 0726 PERTURBATIOI1 OF THE DISTRIBUTION OF
F AN IONS NEAR THE CELL SURFACE ON

MEASUREMENT OF INDUCE3 ELECTRIC FIELDS MIGRATION OF CHARGED MEMBRANL
IN A PHANTOM MODEL OF MAN. 3709 CCvPONElvTS. 0690

MARROW MODELLING OF THE PERTURBATION INDUCED
AN INCREASE IN COLONY-FORMING CAPACITY 2Y LOW-FREQUENCY ELECTROMAGNETIC

OF THE BONE MARRO6 STEM CELLS AFTER FIELDS ON THE MEMBRANE RECEPTORS OF
MICROWAVE IRRADIATION IN VITRO. C667 STIMULATED HUMAN LYMPHCCYTES (MEETING

MATHEMATICAL PAPER). 0730
uSE OF MATHEMATICAL MODELS FOR ANALYSIS MODELLING OF THE PERTURBATION INDUCED

OF ADAPTATION PROCESSES IN PERIPHERAL BY LOW-FREGUENCY ELECTROMAGNETIC
BLCOD. 0802 FIELDS ON THE PEMBRANE RECEPTORS OF

MEALWORM STIMULATEL HUMAN LYMPHOCYTES. I.
PICROwAVE INDUCED DEVELOPMENTAL DEFECTS INFLUENCE OF THE FIELDS ON THE

IN THE COMMON MEALwORM (TENEBRIO SYSTEMfS FREE ENERGY. 0733
MOLITOR). A DECADE OF RESEARCH MODELLING OF THE PERTURBATION INDUCED
(FINAL REPCRT), 0767 dY LOi-FREOUENCY ELECTROMAGNETIC

MECHANISM FIELDS OF THE MEMBRANE RECEPTORS OF
MECHANISM OF ELECTROMAGNETIC ENERGY STIMULATED HUMAN LYMPHOCYTES. 11.

EFFECTS OF THE NEkVOUS SYSTEM. INFLUENCE OF THE FIELDS ON THE MEAN
(EXPERIMENTAL SYSTEM AND PRELIMINARY LIFETIMES OF THE AGGREGATION PROCESS.
RESULTS). 0761 0T!

RECOMMENDATIONS OF THE BALNEOLOGY AND KESATONE
PHYSICAL THERAPY RESEARCH COUNCIL OF THE EFFECTS OF COPDIAMINE AND MESATONE
THE USSR ACADEMY OF MEDICAL SCIENCES ON THE ECG DURING ACUTE MICROWAVE
ON RESEARCH IN THE FIELD OF MECHANISF IRRAOIATIG. C7a4
OF ACTION AND CLINICAL APPLICATIONS METABOLISM
OF MAGNETIC FIELDS. 0814 INTERRELATIONSHIPS BETWEEN WATER AND

MECHANISMS CELL METABOLISM IN ARTEMIA CYSTS.
NONLINEAR WAVE MECHANISMS IN MICROWAVE DIELECTRIC STUDIES. C660

INTERACTIONS BETWEEN EXCITABLE TISSUE EFFECTS OF 200-MHZ, 591-MHZ AND
AND ELECTROMAGNETIC FIELGS. 0695 2450-MHz MICROWAVES ON CEAEBRAL

QUANTUM SOLID STATE MECHANISMS OF ENERGY METABOLISM. 0757
BIOLOGICAL EFFECTS OF ELECTROMAGNETIC BRAIN AND LIVER METABOLISM AFTER
RADIATION WITH EMPHASIS ON LOCAL EXPERIMENTAL EXPOSURE TO
SUPERCONDUCTIVITY. 0705 SUPER-HIGH-FRELUENCY FIELDS OF

MECHANISMS OF MICROWAVE NEURAL NONTHERMAL INTENSITIES. 082G
INTERACTION (FINAL REPORT). 076b MF

ALL UNION SYMPOSIUM ON PHYSICO-CHEMICAL RADIOFRESUENCY HAZARDS IN THE VLF TO MF
MECHANISMS OF THE BIOLOGICAL ACTIVITY 9AND (MEETING ABSTRACT). 0DR32
OF STATIC AND LOW-FREQUENCY MICE
ELECTROMAGNETIC FIELDS. 0815 ACCELERATION OF THE DEVELOPMENT OF

i4AEICAL vENZOPYRENE INLUCED SKIN CANCER IN
qIOLOGICAL EFFECTS AND MEDICAL MICE BY MICROWAVE RADIATION. 3659

APPLICATIONS OF RADIOFREQUE4CY MICROWAVE TESTING ON MICE YIELDS
ELECTROMAGNETIC FIELDS. 0672 CUMULATIVE EFFECTS. 0758

MEDICAL APPLICATIONS OF RADIOFREQUENCY THE EFFECT OF PULSED MICROWAVES O N TH
RADIATION HYPERTHERMIA (FINAL REPORT BREATHING OF MICE. 0768
Jan-Jun B2). 0756 MORPHOL0OICAL EFFECTS OF CHRONIC

RECOMMENDATIONS OF THE BALNEOLOGY AND EXPOSURE TO SHF FIELDS ON THE NERVOUS
PHYSICAL THERAPY RESEARCH COUNCIL OF SYSTEM OF MICE. 0792
THE USSR ACADEMY OF MEDICAL SCIENCES EFFECT OF MAGNETIC FIELDS ON
ON RESEARCH IN THE FIELD OF MECHANISM RADIOSENSITIVITY OF MICE. I. EFFECT
GF ACTION AND CLINICAL APPLICATIONS OF INFRALOW-FREQUENCY LOW INTENSITY
OF MAGNETIC FIELDS. 1814 MAGNETIC FIELDS ON StRVIVAL OF

ELECTROMAGNETIC TECHNIQUES IN MEDICAL ANIMALS SUBJECTED TO wHILE BODY
DIAGNOSIS (MEETING ABSTRACT). 3633 X-IRRADIATION. 0801

ELANiCMA MICROWAVE RADIATION EXPOSURE INDUCES
SYNERGY CF PYRA14 CO-POLYMER AND TRANSLOCATIONS AND UNIVALLNTS nURIl*G
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SPEPMATOGENESI$ IN MICE (MEETING LOCALIZED MICROWAVE HYPERTHERMIA.
ABSTRACT). 083 0702

EFFECTS OF PULSED MACNETIC FIELDS ON STUDIES OF MICROWAVE ABSORPTION IN
THYMIDINE UPTAKE IN MIC: (MEETING LIQUIDS BY OPTICAL HETERODY.iE
ABSTRACT). 0847 DETECTION OF THERMALLY INDUCED

1ICROPULSATION REFRACTIVE INDEX FLUCTUATIONS. 712
ANALYSIS OF FREGULNCY RELATIONS OF A MICROWAVE METHOD FOR ESTIMATING

BIOLOGICAL EFFECTIVENESS OF MAGNETIC ABSOLUTE VALUE OF AVERAGE LUNG WATER.
FIELD IN A RANGE OF MICROPULSATION OF 071
GEOMAGNETIC FIELD (0.01-Hz - 100-Hz). A CLASS OF NEW MICROWAVE THERAPEUTIC
0797 APPLICATORS. 0716

MICROWAVE 1MPLANTABLE MICROWAVE RADIATORS FOP
TECHNIIUE FOR MICROWAVE INUUCED CLINICAL HYPERTHERMIA. 0717

HYPERTHERMIA IN SUPERFICIAL HUMAN CONSTANT DOSE MICROWAVE IRRADIATION OF
TUMORS. 0655 INSECT PUPAE. 0719

MICROWAVE INDUCED HYPERTHERMIA AND COMPARISON OF MEASURED AND PREDICTED
IONIZING RADIATION. PRELIMINARY CHARACTERISTICS OF MICROWAVE INDUCED
CLINICAL RESULTS. 0656 SOUND. G721

ACCELERATION OF THE DEVELOPMENT OF THE EFFECT OF MICROWAVE RADIATION
BENZOPYRENE INDUCED SKIN CANCER IN (1.0-GHz) ON THE BLOOD-ORAIA BARRIER
MICE BY MICROWAVE RADIATION. 0659 IN DOGS. 0722

ItT7RRELATICNSHIPS BETWEEN WATER AND EFFECTS OF HIGH-INTENSITY MICROWAVE
CELL METABOLISM IN ARTEMIA CYSTS. PULSE EXPOSURE OF RAT BRAIN. 0723
MICROWAVE DIELECTRIC STUDIES. 066G INTERACTION OF AMBIENT TEMPERATURE AND

MICROWAVE MODULATION OF NEURAL MICROWAVE POWER-DENSITY ON SCHEDULE
ACTIVITY. 0461 CONTROLLED BEHAVIOR IN THE RAT. 0724

MICROWAVE ABSORPTION OF DNA BETWEEN EFFECTS OF CONTINUOUS AND PULSED
6-GHz AND 12-GHZ. 0662 CHRONIC MICROWAVE EXPOSURE ON

RADICFREQUENCY AND MICROWAVE RADIATION. RABBITS. 0725
0666 THE RESPONSE OF MOUSE MAMMARY TUMOR TO

AN INCREASE IN COLONY-FORMING CAPACITY MICROWAVE HEATING AT 2.45-GHz. 0726
OF THE BONE MARROW STEM CELLS AFTER EFFECT OF MICROWAVE HEATING ON THE
MICROWAVE IRRADIATION IN VITRO. 0667 RADIATION RESPONSE OF

CHANGES IN CARDIAC CELL MEMBRANE NOISE RHABDOMYOSARCOMA. 0729
DURING MICROWAVE EXPOSURE. 0668 RECESSION OF CHANGES IN DIELECTRIC

A SELF BALANCING MICROWAVE RADIOMETER PARAMETERS OF SELECTED RAT TISSUES
FOR NONINVASIVELY MEASURING THE CAUSED BY SINGLE EXPOSURE TO PULSE
TEMPERATURE OF SUbCUTANEOUS TISSUES MICROWAVE RADIATION. I.
DURING LOCALIZED HYPERTHERMIA EXPERIMENTAL RESULTS. 0735
TREATMENTS OF CANCER. 0669 RECESSION OF CHANGES IN DIELECTRIC

THERMAL DRIFT IN MICFOwAVE. PARAMETERS OF SELECTED RAT TISSUES
THERMOGRAPHY. 0670 CAUSED BY SINGLE EXPOSURE TO PULSE

DYNAMIC IN VIVO PERFORMAIJCE OF MICROWAVE RADIATION. 11.
TEMPERATURE CONTROLLED LOCAL THEORETICAL MODEL. 0736
MICROWAVE HYPERTHERMIA AT 2.45-GHz. EFFECTS OF 2.45-GHz MICROWAVE
0671 RADIATION ON THE DEVELOPMENT OF

EFFECT OF LOW-LEVEL MICROWAVE JAPANESE QUAIL CEREBELLUM. 0737
IRRADIATION ON THE DUODENAL LOCAL MICROWAVE HYPERTHERMIA IN CANCER
ELECTRICAL ACTIVITY OF THE THERAPY. PRELIMINARY REPORT. C739
UNANESTHETIZED PAT. 0683 MICROWAVE TECHNIGUES FOR CLINICAL

PSYCHOLOGICAL SYMPTOMS AND INTERMITTENT HYPERTHERMIA. 0747
HYPERTENSION FOLLOWING ACUTE RISK - BENEFIT ANALYSIS: THE MICROWAVE
MICROWAVE EXPOSURE. 0685 CASE. 0753

DEVELOPMENT AND USE OF A NONRESTRAINING MICROWAVE AND RADIOFREQUENCY RADIATION.
WAVEGUIDE CHAMBER FOR RAPID MICROWAVE 0754
RADIATION KILLING OF THE MOUSE AND MICROWAVE TESTING ON MICE YIELDS
NEONATE RAT. 0686 CUMULATIVE FFFECTS. 0759

EFFECTS OF LOW-LEVEL MICROWAVE MECHANISMS OF MICROWAVE NEURAL
PADIATION ON THE EYE OF THE CRAYFISH. INTERACTION (FINAL REPORT). 07C6
0692 MICROWAVE INDUCED DEVELOPMENTAL CEFECTE

DISTINCTION BETWELN HEATING RATE AND IN THE CONMON MEALWOPY (TENE4RIO
TOTAL MEAT ABSORPTION I THE MOLITOF). A DECADE OF RESEARCH
MICROWAVE EXPOSED MOUSE. 0698 (FINAL REFGRT). CTb?

INTERACTION OF MICROWAVE RADIATION WITH DOSIMETRIC AND t3EHAVIORAL ANALYSIS OF
TURKEY SPERM. 0701 MICROwAVE - DRUG SYNERGISTIC EFFECTS

OXYGENATION OF MALIGNANT TUMORS AFTLR ON nkEvANT HEHAVIOR IN THE RAT.
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(FlJiL REPORT Sep 79-Dec 61). C769 24EC-MHZ tICPOAVES ON CEREBRAL
SUnTLE COSEGUENCES OF EXPOSURE TO AEAK ENERGY METABOLISM. 0757

MICPOWAVE FIELDS: APE THERE THE EFFECT OF PULE:J MICROWAVES Orl THE
NON-ThEAMAL EFFECTS. 0770 JREATHING OF MICL. 07E8

THE EFFECTS OF CIPOIAMINE AN1D MESATGNE A REVIEW OF THE CUR~t:NT STATE OF
6N THE ECO DURING ACUTE MICROWAVE EUROPEAN RESEARCH AND KNOWLEDGE
IRRAOIATICN. J784 CONCERNING THE BIOLOGICAL EFFECTS OF

HYGIENIC EVALUATION OF THE BIOLOGICAL RADIDwAVES AND MICkOWAVES. (FI 'AL
EFFECTS OF NONIONIZING MICROWAVE SCIENTIFIC REPORT. Jan 91-Sep P2).
RADIATION. 0787 077-1

MICROWAVE THER.PY. 06.9 MICROWAVES AND HUMAN LEUKOCYTE FUNCTION
APPLICATION OF PHARMACOLOGICAL METHODS (FinaL Report it May 19RI - 11 Nov

TO THE STUDY OF BIOLOGICAL EFFECTS OF 1982). 3772
MICROWAVE mADIATION DURING LOW-LEVEL THERMAL EFFECTS OF HEAT ANlS MICROWAVES
IRRADIATION. 0824 ON RATS. 0773

IMPACT OF LOCALIZED MICROWAVE GENETIC HAZARDS OF MICAOWAVES OF
HYPzRTHERMIA ON THE PH DISTRIBUTION NONTHERMAL INTENSITY AND THEIR
IN MALIGNANT TUMORS. 0825 HYGIENIC ASPECTS. O7b

CGMBINATION OF HYPERTHERMIA AND ON THE PROBLEM OF THE HAZARDS OF
RADIATION I) CANCER THERAPY. PART 1. NONIONIZIIG RADIATION - MICROWAVES.
CLINICAL FINDINGS WITH MICROWAVE LASERS. 0828
INDUCED HYPERTrERMIA. 0826 MIGRATION

MICROWAVE RADIATION rXPOSURE INDUCES THE EFFECT OF ELErTRIC FIELD INDUCED
TRANSLOCATIONS AND UNIVALENTS DURING PERTURBATION OF THE DISTRIBUTION OF
SPERMATOGENESIS IN 'lICE (MEETING IONS NEAR THE CELL SURFACE ON
ABSTRACT). 0830 MIGRATION OF CHARGE) AEMBRANE

OCULAR CHANGES INDUCEO BY MICROWAVE COMPONENTS. 069C
DIATHERMY IN THE RABBIT (MEETING mILLIMETER-WAVE
ABSTRACT). 0852 MILLImETER-WAVE IFP[NIATION ANO

IMMUNITY OF JUVENILE AND ADULT JAPANESE MEASUREMENT SYSTEM FOR CELL
QUAIL EXPOSED TO MICROWAVE RADIATION SUSPENSIONS. 0714
DURING EMBRYOGENY (MEETING ABSTRACT). MISONIDAZOLE
0853 EFFECTS OF MICROWAVE HYPERTHERMIA ON

EFFECTS OF MICROWAVE HYPERTHERMIA ON THE UPTAKE OF MISONIDAZOLE BY TUVOR
THE UPTAKE OF MISONIDAZOLE 6Y TUMOR TISSUE IN VIVO (MEETING ABSTRACT).
TISSUE IN VIVO (MEETING ABSTRACT). C854
0854 HITOCHONORIA

SELECTIVE RESPONSE OF TUMORS TO EFFECT OF LOW-INTENSITY
MICROWAVE HYPERTHERMIA (MEETING SUPER-HIGH-FREGUENCY ENERGY ON
AbSTRACT). 0857 RESPIRATION AND OXIDATIVE

PROCUCTION OF WHOLE BODY HYPERTHERMIA PHOSPHORYLATIOJ IN MITOCHONDRIA AND
BY MICROWAVE ENERGY (MEETING ACTIVITIES OF VARIOUS BLOOD ENZYMES.
ABSTRACT). :859 0821

wICROwAVES MODEL
TEMPEQATuRE AND ADRENOCORTICAL MEASUREMENT OF INDUCED ELECTRIC FIELDS

RESPONSES IN RHESUS MONKEYS EXPOSED IN A PHANTOM MODEL OF MAN. 373
TS MICROWAVES. 0677 MODEL FOR THE GROWTH CF BACTERIA UNDER

SYNERGISTIC EFFECTS OF MICROWAVES AND ELECTROMAGNETIC RADIATION. 072b
PENTOBARBITAL IN LABORATORY RATS RECESSION OF CHANGES IN DIELECTRIC
(MEETING PAPER). 0680 PARAMETERS OF SELECTED RAT TISSUES

LACK qF MUTAGENIC EFFECTS ON CONIDIA OF CAUSED BY SINGLE EXPOSURE T3 PULSE
ASPERGILLUS AMSTCLODAMI IRRADIATED tY MICROWAVE RADIATION. II,
8.7175-GHz CONTINUOUS-WAVE THEORETICAL MODEL. 0736
MICROWAVES. 0684 MODELLING

SCIENTIFIC At4D HYGIE; IC ISSUES IN MODELLING OF THE PERTURBATION INDUCED
BIOLOGICAL RESEAR:H ON MICROWAVES: BY LOW-FR[GUENCY ELECTROMAGNETIC
TOWARD RAPPROCHEMENT BETWEEN EAST AND FIELDS ON THE MEM PANE RECEPTORS OF
WEST. 07C3 STIMULATED HUMAN LYMPHOCYTES (MEETING

PHYSICAL ASPECTS AND METHODS OF PAPER). 07!0
HYPERTHERMIA PRODUCTION BY MODELLING OF THE PERTURBATION INDUCEJ
PADIOFREQUENCY CURRENTS AND BY LOW-FREQUENCY ELECTROMAGAETIC
MICROWAVES. 0742 FIELDS ON THE MEMBRANE RECEPTORS OF

POWER OSPOSITION WITH MICROWAVES. 0743 STIMULATED HUMAN LYMPHOCYTES. I.
CLINICAL HYFEeTHEkMIA WITH MICROWAVES. INFLUENCE OF ThE FIELDS ON THE

0 74c SYSTEM'S FREE ENERGY. 0733
EFFECTS OF i0I-Mzhz 511-MHz AND MODELLING OF THE PERTUP6ATION INLUCFE
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RY LOW-FREQUENCY ELECTROMAGNETIC EXPERIMENTAL EXPOSURE TO
FIELDS OF THE MEMBRANE RECEPTORS OF CENTIMETER-HAND ELECTROMAGNETIC
STIMULATED HUMAN LYMPHOCYTES. II. WAVES. 3818
INFLUENCE OF THE FIELDS ON THE MEAN MORTALITY
LIFETIMES OF THE AGGREGATION PROCESS. MORTALITY FROM LEUKEMIA IN WORKEFR
0734 EXPOSED TO ELECTRIC AND MAGNFTIC

ON-LINE SYSTEM IDENTIFICATION AND FIELDS (LETTER TO EDITOR). 3693
EQUIVALENT CIRCUIT MODELING OF MOUSE
IOELECTROCHEMICAL KINETIC PARAMETERS DEJ;LOPMENT AND USE OF A NONRESTRAINItNG

(MEETING ABSTRACT). C851 WAVEGUIOE CHAMBER FOR RAPID MICROWAVE
MODELS RADIATION KILLING OF THE MOUSE AND

IRRADIATION OF PROLATE SPHEROIDAL NEONATE RAT. 0686
MODELS OF HUMANS AND ANIMALS IN THE DISTINCTION BETWLEN HEATING RATE AN.D
NEAR FIELD OF A SMALL LOOP ANTENNA. TOTAL HEAT ASSORPTION IN THE
C711 MICROWAVE EXPOSED MOUSE. J698

ELECTROMAGNETIC POWER DEPOSITION IN THE RESPONSE OF MOUSE MAMMARY TUMOR TO
BIOLOGICAL MODELS: NUMERICAL MICROWAVE HEATING AT 2.45-GHz. 0726
CALCULATIONS AND PHANTOM MULTI-PROGRAMMABLE
MEASUREMENTS. 0753 EFFECTS OF HIGH INTENSITY POWER

USE OF MATHEMATICAL KOCELS FOR ANALYSIS FREQUENCY ELECTRIC FIELDS ON
OF ADAPTATION PROCESSES IN PERIPHERAL IMPLANTED MODERN MULTI-PROGRAAMABLE
BLOOD. 0802 CARDIAC PACEMAKERS. 0688

MODULATED MUTAGENIC
EFFECT OF WIDE-BAND MODULATED LACK OF MUTAGENIC EFFECTS ON CONIDIA OF

ELECTROMAGNETIC FIELDS ON WORKERS OF ASPERGILLUS AMSTELODAMI IRRADIATED SY
HIGH-FREQUENCY TELEPHONE EXCHANGES. q.7175-GHZ CONTINUOUS-WAVE
0795 MICROWAVES. 066

EFFECTS OF MODULATED RAOIOFREQUENCY MYOCARDIAL
ELECTROMAGNETIC RADIATION ON THE PATHOLOGICAL CHARACTERISTICS OF
EFFLUX OF CALCIUM IONS WITH BRAIN EXPERIMENTAL MYOCARDIAL INFARCTION
TISSUZ IN VITRO (MEETING ABSTRACT). AFTER EXPOSURE TQ LOW-FREQUENCY
0836 LOW-INrENSIrY ELECTROMAGNETlC FIELDS.

MODULATES 0799
ELECTROMAGNETIC CURRENT INDUCTION NEAR-FIELD

MODULATES CELL FUNCTION VIA IRRADIATION OF PROLATE SPHEROIDAL
ELECTROCHEMICAL KINETICS (MEETING MODELS OF HUMANS AND ANIMALS IN THE
ABSTRACT). 0844 NEAR FIELD OF A SMALL LOOP ANTENNA.
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